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(54) Human manganese superoxide dismutase analogs, pharmaceutical compositions containing 
them, and use thereof 

(57) There are disclosed a human manganese 
superoxide dismutase analog in which at least one of the 
human manganese superoxide dismutase polypeptides 
differs from naturally-occurring human manganese 
superoxide dismutase polypeptide by the absence of 
lysine at the N-terminus, and a human manganese 
superoxide dismutase analog in which at least one of the 
human manganese superoxide dismutase polypeptides 
differs from naturally-occurring human manganese 
superoxide dismutase polypeptide by the absence of 
both lysine and histidine at the N-terminus, pharmaceu- 
tical compositions comprising same in an amount effec- 
tive to alleviate the undesirable symptoms associated 
with the generation of oxygen free radicals and a phar- 
maceutically acceptable carrier, as well as their use for 
the production of a pharmaceutical composition for alle- 
viating the symtoms in a subject suffering from a disorder 
selected from synovial inflammation, arthritis and lung 
fibrosis. 
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Description 

This application is a continuation-in-part of U.S. Serial No. 032,734, filed March 27, 1987, which is a continuation- 
in-part of U.S. Serial No. 907,051 , filed September 12, 1986, which in turn is a continuation-in-part of U.S. Serial No. 
5 801,090, filed November 22, 1985, the contents of which applications are hereby incorporated by reference into the 
subject application. 

BACKGROUND OF THE INVENTION 

ic Throughout this application, various publications are referenced by arabic numerals within parentheses. Full citations 
for these references may be found at the end of the specification immediately preceding the claims. The disclosures of 
these publications in their entireties are hereby incorporated by reference into this application in order to more fully 
describe the state of art as known to those skilled therein as of the date of the invention described and claimed herein. 
Superoxide dismutase (SOD) and the phenomenon of oxygen free radicals (O ' 2 -) was discovered in 1 968 by McCord 

75 and Fridovich (1). Superoxide radicals and other highly reactive oxygen species are produced in every respiring cell as 
by-products of oxidative damage to a wide variety of macromolecules and cellular components (for review see 2,3). A 
group of metalloproteins known as superoxide dismutases catalyze the oxidation-reduction reaction 

20 2- + 2H'-»H2O 2 + O2 

20 

and thus provide a defense mechanism against oxygen toxicity. 

There are several known forms of SOD containing different metals and different proteins. Metals present in SOD 
include iron, manganese, copper and zinc. All of the known forms of SOD catalyze the same reaction. These enzymes 
are found in several evolutionary groups. Superoxide dismutases containing iron are found primarily in prokaryotic cells. 
2S Superoxide dismutases containing copper and zinc has been found in virtually all eucaryotic organisms (4). Superoxide 
dismutases containing manganese have been found in organisms ranging from microorganisms to man. 

Since every biological macromolecule can serve as a target for the damaging action of the abundant superoxide 
radical, interest has evolved in the therapeutic potential of SOD. The scientific literature suggests that SOD may be 
useful in a wide range of clinical applications. These include prevention of oncogenesis and of tumor promotion, and 
30 reduction of the cytotoxic and cardiotoxic effects of anticancer drugs (10), protection of ischemic tissues (12) and pro- 
tection of spermatozoa (13). in addition, there is interest in studying the effect of SOD on the aging process (14). 

The exploration of the therapeutic potential of human SOD has been limited mainly due to its limited availability. 

Superoxide dismutase is also of interest because of its anti-inflammatory properties (11). Bovine-derived superoxide 
dismutase (orgotein) has been recognized to possess anti-inflammatory properties and is currently marketed in parts 
35 of Europe as a human pharmaceutical. It is also sold in the United States as a veterinary product, particularly for the 
treatment of inflamed tendons in horses. However, supplies of orgotein are limited. Prior techniques involving recovery 
from bovine or cither animal cells have serious limitations and the orgotein so obtained may produce allergic reactions 
in humans because of its non-human origin. 

Copper zinc superoxide dismutase (CuZn SOD) is the most studied and best characterized of the various forms of 
40 superoxide dismutase. 

Human CuZn SOD is a dimeric metalloprotein composed of identical non-covalently linked subun'rts, each having 
a molecular weight of 16,000 daltons and containing one atom of copper and one of zinc (5). Each subunit is composed 
of 153 amino acids whose sequence has been established (6,7). 

The cD NA encoding human CuZn superoxide dismutase has been cloned (8). The complete Sequence of the cloned 
45 DNA has also been determined (9). Moreover, expression vectors containing DNA encoding superoxide dismutase for 
the production and recovery of superoxide dismutase in bacteria have been described (24,25). The expression of a 
superoxide dismutase DNA and the production of SOD in yeast has also been disclosed (26). 

Recently, the CuZn SOD gene locus on human chromosome 21 has been characterized (27) and recent develop- 
ments relating to CuZn superoxide dismutase have been summarized (28). 
so Much less is known about manganese superoxide dismutase (MnSOD). The manganese superoxide dismutase of 
E, coli K-12 has recently been cloned and mapped (22). Barra et al. disclose a 196 amino acid sequence for the man- 
ganese superoxide dismutase polypeptide isolated from human liver cells (19). Prior art disclosures differ, however, 
concerning the structure of the manganese superoxide dismutase molecule, particularly whether it has two or four iden- 
tical polypeptide subunits (19,23). It is clear, however, that the manganese superoxide dismutase polypeptide and the 
ss CuZn SOD polypeptide are not homologous (19). The amino acid sequence homologies of MnSODs and FeSOD from 
various sources have also been compared (18). 

Baret et al. disclose in a rat mode! that the half life of human manganese superoxide dismutase is substantially 
longer than the half-life of human copper SOD; they also disclose that in the rat model, human manganese superoxide 
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dismutase and rat copper SOD are not effective as anti-infJammatory agents whereas bovine copper SOD and human 
copper SOD are fully active (20). 

McCord et al. disclose that naturally occurring human manganese superoxide dismutase protects human phago- 
cytostng polymorphonuclear (PMN) leukocytes from superoxide free radicals better than bovine or porcine CuZn super- 
5 oxide dismutase in "in vitro" tests (21). 

The present invention concerns the preparation of a cDNA molecule encoding the human manganese superoxide 
dismutase polypeptide or an analog or mutant thereof. 

It is also directed to inserting this cDNA into efficient bacterial expression vectors, to producing human manganese 
superoxide dismutase polypeptide, analog, mutant and enzyme in bacteria, to recovering the bacterially produced human 
io manganese superoxide dismutase polypeptide, analog, mutant or enzyme. This invention is also directed to the human 
manganese superoxide dismutase polypeptides, analogs, or mutants thereof so recovered and their uses. 

This invention further provides a method for producing enzymatically active human manganese superoxide dis- 
mutase in bacteria, as well as a method for recovering and purifying such enzymatically active human MnSOD. 

The present invention also relates to a DNA molecule encoding the human manganese superoxide dismutase gene. 
75 It is also directed to inserting the DNA into mammalian cells to produce manganese superoxide dismutase polypeptide, 
analog, mutant and enzyme. 

The present invention also relates to using human manganese superoxide dismutase or analogs or mutants thereof 
to catalyze the reduction of superoxide radicals to hydrogen peroxide and molecular oxygen. In particular, the present 
invention concerns using bacterially produced manganese superoxide dismutase or analogs or mutants thereof to reduce 
20 reperfusion injury following ischemia and prolong the survival period of excised isolated organs. 

The invention further concerns the use of bacterially produced human manganese superoxide dismutase, human 
manganese superoxide dismutase, or human manganese superoxide dismutase mutants to treat inflammations. In par- 
ticular, the invention relates to the use of human manganese superoxide dismutase, human manganese superoxide 
dismutase analogs or human manganese superoxide dismutase mutants to treat disorders associated with the gener- 
is ation of oxygen free radicals in quantities to cause undesirable symptoms. Such disorders treated include: (1) synovial 
inflammation induced by bacterial lipopolysaccharide endotoxin (LPS); (2) inflammation caused by adjuvant-induced 
arthritis; or (3) bleomycin -induced lung fibrosis. The invention further relates to methods of administering the human 
manganese superoxide dismutase, the human manganese superoxide dismutase analogs or human manganese super- 
oxide dismutase mutants and to amounts and doses of human manganese superoxide dismutase, human manganese 
so superoxide dismutase analogs or human manganese superoxide dismutase mutants. 

The invention also concerns various human manganese superoxide dismutase analogs in which at least one of the 
human manganese superoxide dismutase polypeptides differs from naturally-occurring human manganese superoxide 
dismutase by the absence of one or more amino acids at the M-terminus. These analogs may be used in compositions 
and the compositions may be used in methods of treating various disorders by alleviating the undesirable symptoms 
35 associated with the generation of oxygen free radicals, L : 

SUMMARY OF THE INVENTION 

A DNA molecule which includes cDNA encoding the human manganese superoxide dismutase polypeptide or ana- 
40 log or mutant thereof has been isolated from a human T-cell library. The nucleotide sequence of a double-stranded DNA 
molecule which encodes human manganese superoxide dismutase polypeptide or analog or mutant thereof has been 
discovered. The sequence of one strand encoding the polypeptide or analog thereof is shown in Figure 1 from nucleotide 
115 downstream to nucleotide 708 inclusive. Other sequences encoding the analog or mutant may be substantially 
similar to the strand encoding the polypeptide. The nucleotide sequence of onestrand of a doublestr anded DNA molecule 
45 which encodes a twenty-four (24) amino acid prepeptide is also shown in Figure 1 , from nucleotides number 43 through 
114, inclusive. 

The double-stranded cDNA molecule or any other double-stranded DNA molecule which contains a nucleotide 
strand having the sequence encoding the human manganese superoxide dismutase polypeptide or analog or mutant 
thereof may be incorporated into a cloning vehicle such as a plasmid or virus. Either DNA molecule may be introduced 

so into a cell, either prokaryotic, e.g., bacterial, or eucaryotic, e.g., yeast or mammalian, using known methods, including 
but not limited to methods involving cloning vehicles containing either molecule. 

Preferably the cDNA or DNA encoding the human manganese superoxide dismutase polypeptide or analog or 
mutant thereof is incorporated into a plasmid, e.g., pMSE-4 or pMSARB4, and then introduced into a suitable host cell 
where the DNA can be expressed and the human manganese superoxide dismutase (hMnSOD) polypeptide or analog 

ss or mutant thereof produced. Preferred host cells include Escherichia coli . in particular E. coli A4255 and E. coli A1 645. 
The plasmid pMSE-4 in E. coli strain A4255 has been deposited with the American Type Culture Collection under ATCC 
Accession No. 53250. The plasmid pMSARB4 may be obtained as shown in Figure 4 and described in the Description 
of the Figures. 
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Cells into which such DN A mol ecules have been introduced may be cultured or grown in accordance with methods 
known to those skilled in the art under suitable conditions permitting transcription of the DN A into mRNA and expression 
of the mRNA as protein. The resulting manganese superoxide dismutase protein may then be recovered. 

Veterinary and pharmaceutical compositions containing human manganese superoxide dismutase or analogs or 
5 mutants thereof and suitable carriers may also be prepared. This human manganese superoxide dismutase or analogs 
or mutants may be used to catalyze the following reaction: 

202- + 2H , -»H 2 O ? + O 2 

ro and thereby reduce cell injury caused by superoxide radicals. 

More particularly, these enzymes or analogs or mutants thereof may be used to reduce injury caused by reperfusion 
following ischemia, increase the survival time of excised isolated organs, or treat inflammations. 

This invention is directed to a method of producing enzymatically active human manganese superoxide dismutase 
or an analog or mutant thereof in a bacterial cell. The bacterial cell contains and is capable of expressing a DNAsequence 

ts encoding the manganese superoxide dismutase or analog or mutant thereof. The method comprises maintaining the 
bacterial cell under suitable conditions and in a suitable production medium. The production medium is supplemented 
with an amount of Mn" so that the concentration of Mn" available to the cell in the medium is greater than about 2 ppm. 

In a preferred embodiment of the invention the bacterial eel) is an Escherichia coli cell containing a plasmid which 
contains a DNA sequence encoding for the human manganese superoxide dismutase polypeptide e.g. pMSE-4 or 

20 pM5ARB4 in E. coli strain A4255. The concentration of Mn" in the production medium ranges from about 50 to about 
1500 ppm, with concentrations of 150 and 750 ppm being preferred. 

This invention also concerns a method of recovering manganese superoxide dismutase analog or mutant thereof 
from bacterial cells which contain the same. The cells are first treated to recover a protein fraction containing proteins 
present in the cells including human manganese superoxide dismutase or analog or mutant thereof and then the protein 

25 fraction is treated to recover human manganese superoxide dismutase or analog or mutant thereof. In a preferred embod- 
iment of the invention, the cells are first treated to separate soluble proteins from insoluble proteins and cell wall debris 
and the soluble proteins are recovered. The soluble proteins are then treated to separate, e.g. precipitate, a fraction of 
the soluble proteins containing the hMnSOD or analog or mutant thereof and the fraction containing the hMnSOD or 
analog or mutant is recovered. The recovered fraction of soluble proteins is then treated to separately recover the human 

so manganese superoxide dismutase or analog thereof 

A more preferred embodiment of the invention concerns a method of recovering human manganese superoxide 
dismutase or analog or mutant thereof from bacterial cells which contain human manganese superoxide dismutase or 
analog or mutant thereof. The method involves first isolating the bacterial cells from the production medium and sus- 
pending them in suitable solution having a pH of about 7.0 to 8.0. The cells are then disrupted and centrifuged and the 

35 resulting supernatant is heated for about 30 to 1 20 minutes at a temperature between 55 and 65°C, preferably for 45- 
75 minutes at 58-62°C and more preferably for 1 hour at 60°C and then cooled to below 10°C, preferably to 4°C. Any 
precipitate which forms is tobe removed e.g. by centrifugation, and the cooled supernatant is dialyzed against an appro- 
priate buffer e.g. 2 mM potassium phosphate buffer having a pH of about 7.8. Preferably, the dialysis is by ultrafiltration 
using a filtration membrane smaller than 30K. Simultaneously with or after dialysis the cooled supernatant optionally 

40 may be concentrated to an appropriate convenient volume e.g. 0.03 of its original volume. The retentate is then eluted 
on an anion exchange chromatography column with an appropriate buffered solution e.g., a solution of at least 20 mM 
potassium phosphate buffer having a pH of about 7.8. The fractions of eluent containing superoxide dismutase are 
collected, pooled and dialyzed against about 40 mM potassium acetate, pH 5.5. The dialyzed pooled fractions are then 
eluted through a cation exchange chromatography column having a linear gradient of about 40 to about 200 mM potas- 

45 sium acetate and a pH of 5.5. The peak fractions containing the superoxide dismutase are collected and pooled. Option- 
ally the pooled peak fractions may then be dialyzed against an appropriate solution e.g. water or a buffer solution of 
about 1 0 mM potassium phosphate buffer having a pH of about 7.8. 

The invention also concerns purified enzymatically active human manganese superoxide dismutase or analogs 
thereof e.g. met-hMnSOD, or mutants produced by the methods of this invention. 

so The present invention also relates to a DNA molecule encoding the human manganese superoxide dismutase gene. 
The nucleotide sequence of the exon coding regions of one strand of the manganese superoxide dismutase gene is 
shown in Figure 6. The DNA encoding the manganese superoxide dismutase gene may be incorporated into a cloning 
vehicle such as a plasmid or a virus. The DNA or the cloning vehicle may be introduced into eucaryotic cells using known 
methods. The DNA encoding the human manganese superoxide dismutase gene is encoded in the plasmids pMSG1 1- 

55 1 , pMSG4 and pMSG-lb. The eucaryotic cells which are transformed are preferably mammalian cell lines such as the 
human HeLa cell line or the mouse L cell line. Another aspect of this invention is the production of the human manganese 
superoxide dismutase polypeptide, analog, mutant or enzyme by growing the cells of this invention in suitable medium 
under suitable conditions. 
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The invention also relates to a double-stranded DNA molecule which encodes human manganese superoxide dis- 
mutase, human manganese superoxide dismutase analog and the coding strand of which has the nucleotide sequence 
shown in Figure 6. The invention further relates to a double-stranded molecule which encodes human manganese 
superoxide dismutase mutant and the coding strand of which has a nucleotide sequence which varies from the nucleotide 

5 sequence shown in Figure 6 by one or more nucleotides. 

The present invention is further concerned with eucaryotic cells in which the DNA sequence encoding human man- 
ganese' superoxide dismutase, human manganese superoxide dismutase analog or human manganese superoxide 
dismutase mutant is expressed; and with eucaryotic cells wherein the cell has been transformed with a plasmid com- 
prising the DNA sequence encoding human manganese superoxide dismutase, human manganese superoxide dis- 

10 mutase analog or human manganese superoxide dismutase mutant. This DNA sequence may be present in single or 
multiple copies. The DNA sequence encoding human manganese superoxide dismutase, human manganese superoxide 
dismutase analog or human manganese superoxide dismutase mutant is derived from a fragment of human genomic 
DNA containing the human manganese superoxide dismutase gene. In addition, the DNA sequence encoding human 
manganese superoxide dismutase is regulated by the natural regulatory elements of human genomic manganese super- 

is. oxide dismutase, human manganese superoxide dismutase analog or human manganese superoxide dismutase mutant. 
An example of a DNA sequence coding for the human manganese superoxide dismutase, the analog or mutant and 
coding for the native regulatory elements regulating the gene is shown in the DNA sequence of Figure 6. 

The eucaryotic cell expressing the genomic DNA sequence of human manganese superoxide dismutase, human 
manganese superoxide dismutase analog or human manganese superoxide dismutase mutant is a mammalian cell. 

so Examples of mammalian cells which may express the genomic DNA sequence are the human HeLa cell and mouse L 
cells. 

Methods for producing human manganese superoxide dismutase, human manganese superoxide dismutase analog 
or human manganese superoxide dismutase mutant which comprise growing the eucaryotic cells described above in a 
suitable medium under suitable conditions permitting production of the human manganese superoxide dismutase, the 

25 analog or the mutant thereof and permitting the recovery of the resulting human manganese superoxide dismutase, the 
analog or the mutant are also contemplated by this invention. Human manganese superoxide dismutase polypeptides, 
human manganese superoxide dismutase analogs and human manganese superoxide dismutase mutants produced 
by this method are also contemplated by this invention. 

The invention is also concerned with human manganese superoxide dismutase, human manganese superoxide 

30 dismutase analogs or human manganese superoxide dismutase mutants used to treat inflammation, in particular, syn- 
ovial inflammation, induced by lipopolysaccharide endotoxin (LPS); inflammation caused by adjuvant-induced arthritis; 
and bleomycin-induced lung fibrosis. The use of manganese superoxide dismutase, manganese superoxide dismutase 
analogs and manganese superoxide dismutase mutants to treat these various disorders is discussed in greater detail 
in the Examples which follow. The invention also contemplates amounts and doses of the human manganese superoxide 

35 dismutase, analogs or mutants thereof used to alleviate symptoms and treat disorders and to methods of administration. 
The invention isfurther concerned with human manganese superoxide dismutase analogs in which one of thehuman 
manganese superoxide dismutase polypeptides differs from naturally-occurring human manganese superoxide dis- 
mutase by the absence of one or more amino acids from the N-terminus. 

Compositions comprising human manganese superoxide dismutase, human manganese superoxide dismutase 

40 analogs or human manganese superoxide dismutase mutants and a suitable carrier are also contemplated by this inven- 
tion. These compositions may be used tor treating any disorder for which the naturally-occurring superoxide dismutase 
may be used and for alleviating the undesirable symptoms associated with the generation of oxygen free radicals. These 
disorders and symptoms include, but are not limited to, reperfusion injury following ischemia or organ transplants, inflam- 
mations, bronchial pulmonary dysplasia, fibrosis caused by radiation treatment, inflammation caused by Crohn's disease 

45 or inflammation caused by collitis. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 . The Sequence of Human Manganese Superoxide Dismutase cDNA 

50 

Figure 1 shows the nucleotide sequence of one strand of a double-stranded DNA molecule encoding the human 
manganese superoxide dismutase as well as the 1 98 amino acid sequence of human manganese superoxide dismutase 
corresponding to the DNA sequence. Figure 1 also shows the nucleotide sequence of one strand of a double stranded 
DNA molecule encoding a prepeptide to the mature human manganese superoxide dismutase consisting of twenty-four 
55 amino acids and the amino acid sequence corresponding to that DNA sequence. Also shown are the 5' and 3' untrans- 
lated sequences. 
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Figure 2. Construction of pMSE-4; Human Manganese .Superoxide Pismgtase Expression P|asmid 



Plasmid pMS8-4, containing manganese superoxide dismutase on an EcoRI (Ri) insert, was digested to completion 
with Nde l and Marl restriction enzymes. The large fragment was isolated and ligated with a synthetic oligomer as depicted 
in Figure 2. The resulting plasmid, pMS8-NN contains the coding region for the mature MnSOD, preceded by an ATG 
initiation codon. The above plasmid was digested with EcqRI, ends were filled in with Klenow fragment of Polymerase 
I and further cleaved with Nde l . The small fragment harboring the manganese superoxide dismutase gene was inserted 
into pSODcri 3 which was treated with Nde l and Sty I. pSODct-1 3 may be obtained as described in pending co-assigned 
U.S. Patent Application Serial No. 644,245, filed August 27, 1984 which is hereby incorporated by reference. This gen- 
erated plasmid pMSE-4 containing the manganese superoxide dismutase coding region preceded by the ell ribosomal 
binding site and under the control of a, Pi. promoter, Plasmid pMSE-4 has been deposited with the American Type Culture 
Collection under ATCC Accession No. 53250. 

Figure 3. Effe c t of Mn " Concentration on the Activity of Superoxide Dismutase Produced in E Qoli 

The chart in Figure 3 shows the correlation between the specific activity in units/mg of recombinant soluble man- 
ganese superoxide dismutase produced by E. coli strain A4255 containing plasmid pMSE-4 under both non-induction 
(32"C) and induction (42°C) conditions, and the concentration of Mn" (parts per million) in the growth medium. 

Figure 4. Construction of PMSARB4: Human Manganese Superoxide Dismutase Expression Plasmid 

Tet R expression vector, pARB, was generated from pSODp-iT-1 1 by complete digestion with EeeRI followed by partial 
cleavage with BamHI restriction enzymes. pSODf^T-11 has been deposited with the American Type Culture Collection 
(ATCC) under Accession No. 53468. The digested plasmid was ligated with synthetic oligomer 



5'- AATTCCCGGGTCTAGATCT - 3' 

3 ' - GGGCCCAGATCTAGACTAG - 5 ' 



resulting in pARB containing the X P L promoter. 

The EsiRI fragment of manganese superoxide dismutase expression plasmid pMSE-4, containing cl I ribosomal 
binding site and the complete coding sequence for the mature enzyme, was inserted into the unique EcoRI site of pARB. 
The resulting plasmid, pMSARB4, contains the manganese superoxide dismutase gene under control of X. P L and cil 
RBS and confers resistance to tetracycline. 

Figure 5. Restriction Map and Organization of Human Manganese Superoxide Dismutase Gene 

The thick line represents genomic DNA with the positions of the various restriction endpnucleases. The black boxes 
numbered I - VI are the exons. The three open bars above represent the genomic clones which contain the manganese 
superoxide dismutase gene. 

Figure 6. Nucleotide Seouence of Human Manganese Superoxide Dismutase Gene 

The coding regions and adjacent nucleotides are shown; the exons (shaded areas) were identified by comparison 
with the cDNA clones. The initator codon (ATG), termination codon (TAA) and the polyadenylation signal (AATAAA) are 
underlined. The Spl hexanucleotide (GGGCGG) binding site is indicated by a line above the sequence. Dotted arrows 
represent possible stem-loop structures; straight arrows are direct repeats. It should be noted that the numbers shown 
to the left of the figure are arbitrary and were selected only to assist in the identification of the regions mentioned in the 
text. Neither the entire non-coding or the entire coding region is shown. 

Figure 7. Exon-lntron Junctions of Human Manganese Sup eroxide Dismutase Gene 

The nucleotide sequence at the borders of all five introns are compared with the consensus sequences. Note that 
a shift of one nucleotide in intron #1 may alter either the donor or acceptor sequences. 
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Figure 8. Pharmacokinetics of Manganese Superoxide Dismutase After Subcutaneous Injection Into Rats 

Time course of the serum levels of SOD enzymatic activity in rats after subcutaneous administration of 50 mg/kg 
of CuZn SOD (lower curve) or manganese superoxide dismutase (upper curve) . Values are expressed as the mean and 
standard error (3 rats per point) of the enzymatic activity, calculated as ug/ml assuming a specific activity of 3000 units/mg. 

Figure 9. Comparison Between Manganese Superoxide Dismutase and CuZn SOD 

Effect of CuZn SOD and manganese superoxide dismutase administration on carrageenan-induced paw swelling 
in rats, manganese superoxide dismutase (50 mg/kg) was administered subcutaneously 24 hours before carrageenan 
injection (-24 h Mn); CuZn SOD (50 mg/kg) was administered subcutaneously 2 hours (-2 h Cu) or 24 hours (-24 h Cu) 
pror to carrageenan injection. The control rats received carrageenan only. The bars and vertical brackets represent the 
means ± standard errors (8 rats per group) of the increase in paw volume 1,2,3 and 4 hours after carrageenan admin- 
istration The asterisks indicate the statistical significance of the difference between the treated groups compared to the 
control group: (') p 0.05; (") p 0.01 ;("*) p 0.001. 

Figure 10 Pharmacokinetics of Recombinant Manganese Superoxide Dismutase in Rats 

Pharmacokinetic behavior of recombinant manganese superoxide dismutase in rats after its administration via three 
routes: curve p) depicts intravenous injection (i.v.) of 25 mg/kg body weight (b.w.); curve (2) depicts intraperitoneal (i.p.) 
injection of 25 mg/kg b.w. ; curve (3) depicts subcutaneous (s.c.) injection of 25 mg/kg b.w. 

Rats (7 rats per group) were injected at Time 0, and at Times 0.03, 0.5, 2, 4, 24, 30 and 48 hours (h) after injection 
blood samples were taken and analyzed both enzymatically and by RIA for the amount of manganese superoxide dis- 
mutase present in the serum of each rat. The mean value (± the standard error) for each sample is plotted against the 
time after injection. 

Figure 1 1 . Therapeutic Effect of Recombinant Manganese Superoxide Dismutase and CuZn Superoxide Dismutase 
Analog in Treating Inflammation 

Bar-graph depicting the therapeutic effect of manganese superoxide dismutase and CuZn SOD on knee-joint inflam- 
mation induced by bacterial lipopolysaccharide (LPS). Knee joint inflammation is expressed as Synovial Weight (gm). 
Five groups of rats were used in the study: Group 1 animals (positive control; LPS) were given only LPS with no man- 
ganese superoxide dismutase treatment; Group 2 (negative control) animals were treated with saline only as sham- 
injection; Group 3 animals were treated with 5 mg/knee of CuZn together with the LPS: Group 4 were treated with 1 
mg/knee of CuZn SOD together with LPS; Group 5 were treated with 0.6 mg/knee of manganese superoxide dismutase 
together with LPS. Statistical testing (Student t-test) was carried out to determine the significance of the manganese 
superoxide dismutase and CuZn SOD effect in inhibiting LPS-induced inflammation. 

Figure 12. Effect of Recombinant Manganese Supero xide Dismutase and CuZ n SOD Analog in Treating Adjuvant 
In duc ed Ar thritis 

Bar-graph depicting the effect of manganese superoxide dismutase and CuZn SOD on inhibiting adjuvant (Freund's 
adjuvant) - induced arthritis. Extent of arthritis is expressed as the increase in paw volume following adjuvant injection. 
The increase in paw volume is calculated relative to the paw volume 14 days after adjuvant injection; this is the period 
of immunologically-induced chronic arthritis. Manganese Superoxide Dismutase and CuZn SOD were administered in 
doses according to body weight (b.w.) to adjuvant treated rats beginning 14 days post-adjuvant injection. Seven groups 
of rats were used in the study (6 rats per group). All animals were injected on Day 1 with 50 u.1 Freund's adjuvant containing 
10 mg/ml killed Mycobacterium Tuberculosis. On days 14-20, the following treatments were carried out: group 1 (control) 
rats received no treatment; group 2 rats received 12.5 mg/kg b.w. closes of manganese superoxide dismutase each day 
for 7 days; group 3 rats received 25 mg/kg b.w. of manganese superoxide dismutase each day for 7 days; group 4 rats 
received 12.5 mg/kg b.w. of CuZn SOD each day for 7 days; group 5 rats received 25 mg/kg b.w. of CuZn SOD each 
day for 7 days; group 6 rats received 50 mg/kg b.w. of manganese superoxide dismutase every second (alternate) day, 
that is 3 manganese superoxide dismutase treatments on days 1 , 3, 5; group 7 rats received 50 mg/kg b.w. of CuZn 
SOD every second (alternate) day (days 1,3,5). 

At day 21 the animals were examined for amount of paw swelling relative to day 1 4. Statistical analysis was carried 
out according to Student t-test. 
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Figure 13. Therapeutic Effect of Rec ombinant Manganese Superoxide Dismutase in Treatment of Bleomycin Induced 
Lung Fibrosis 

Bar graph depicting the therapeutic effect of manganese superoxide dismutase on Bleomycin-induced lung fibrosis. 

The degree of Bleomycin-induced lung fibrosis is expressed in two ways: (a) the ratio of lung weight to body weight; 
(2) the amount of hydroxyproline per lung Gig/g wet weight). 

Three groups of rats were used in this study (15 rats per group): Group 1 rats (negative control) were sham-treated 
and received only saline. Group 2 rats were treated with 1.5 units per rat (=1.5 mg) of Bleomycin administered intra- 
tracheally on Day 1 . Group 3 rats (positive control) were given Bleomycin (1 .5 units intra-tracheally per rat) on day 1 , 
followed by daily subcutaneous injections of manganese superoxide dismutase (50 mg/kg body weight) on days 1-7. 

Three weeks after the start of the study, the surviving animals were sacrificed and their lungs were excised. The 
wet weights of each lung was determined and the hydroxyproline content of each lung was assayed (using standard 
methods as described in Example 1 4). The open bars represent the ratio of lung weight to body weight and the shaded 
bars represent the content of hydroxyproline per wet tissue weight. The brackets represent the standard error of the 
mean (S.E.M.). 

Figure 14. Effect of Daily Subcutaneous Injection of Recombinant Human Manganese Superoxide Dismutase pn Bleo- 
mycin Indupe d Lying Fibr psis 

Three groups of rats (1 00-1 20 grams body weight) (1 5 rats/group) were used. One group was given bleomycin ( 1 .5 
units/rat) intratracheal^ on Day 1 . The second group received bleomycin as in group I as well as recombinant human 
manganese superoxide dismutase (50 mg/|ig) subcutaneously. once daily, for 7 days. (The recombinant human man- 
ganese superoxide dismutase was administered two hours before the administration of the bleomycin. A third group 
(negative control) was given a single injection of saline intratracheally on Day 1 . 

After three weeks, all surviving animals were sacrificed, their lungs were excised and the lung collagen content 
expressed as hydroxy-proline) was determined. The results are shown in Figure 14. 

The experimental details are essentially the same as described in Figure 14, however, the frequency of administra- 
tion of manganese superoxide dismutase was changed. The recombinant human manganese superoxide dismutase 
was administered by a single injection subcutaneously on Day 1 or administered subcutaneously every other day (Days 
1 , 3, and 5). Also, the effectiveness ol the recombinant CuZn SOD analog in preventing lungftorosis was analyzed. The 
results are shown in Figure 15. 

Figure 16. Effect .gMntra peritoneal Administered M angan ese Superoxide Dismutase on Bleomvcin-lnduced Lun g Fibro- 



The experimental details are essentially the same as described in the description of Figure 1 4, however, the man- 
ganese superoxide dismutase or CuZn SOD analog was administered via the intraperitoneal route rather than subcu- 
taneously. The manganese superoxide dismutase or CuZn SOD was administered as a single dose on every other day 
as described in the description to Figure 15. The results are shown in Figure 16. 

DETAILED DESCRIPTION OF THE INVENTION 

A double-stranded DNA molecule which includes cDNA encoding human manganese superoxide dismutase 
polypeptide or an analog or mutant thereof has been isolated from a human T-cell DNA library. The nucleotide sequence 
of a double-stranded DNA molecule which encodes human manganese superoxide dismutase polypeptide or an analog 
or mutant thereof has been discovered. The sequence of one strand of DNA molecule encoding the human manganese 
superoxide dismutase polypeptide or analog thereof is shown in Figure 1 and includes nucleotides numbered 115 to 
708 inclusive. The sequence of one strand encoding human manganese superoxide dismutase analog or mutant is 
substantially similar to the strand encoding the human manganese superoxide dismutase polypeptide. The nucleotide 
sequence of the propeptide of human manganese superoxide dismutase is also shown in Figure 1. Nucleotides num- 
bered 43 through 1 1 4 inclusive code for this prepeptide. 

The methods of preparing the cDNA and of determining the sequence of DNA encoding the human manganese 
superoxide dismutase polypeptide, analog or mutant thereof are known to those skilled in the art and are described 
more fully hereinafter. Moreover, now that the DNA sequence which encodes the human manganese superoxide dis- 
mutase has been discovered, known synthetic methods can be employed to prepare DNA molecules containing portions 
of this sequence. 
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Conventional cloning vehicles such as plasmids, e.g., pBR322, viruses or bacteriophages, e.g., can be modified or 
engineered using known methods so as to produce novel cloning vehicles which contain cDNA encoding human man- 
ganese superoxide dismutase polypeptide, or analogs or mutants thereof. Similarly, such cloning vehicles can be mod- 
ified or engineered so that they contain DNA molecules, one strand of which includes a segment having the sequence 
shown in Figure 1 for human manganese superoxide dismutase polypeptide or segments substantially similar thereto. 
The DNA molecule inserted may be made by various methods including enzymatic or chemical synthesis. 

The resulting cloning vehicles are chemical entities which do not occur in nature and may only be created by the 
modern technology commonly described as recombinant DNA technology. Preferably the cloning vehicle is a plasmid, 
e.g. pMSE-4 or pMSARB4. These cloning vehicles may be introduced in cells, either prokaryotic, e.g., bacterial 
( Escherichia coli . B.sublilis . etc.) or eucaryotic, e.g., yeast or mammalian, using techniques known to those skilled in 
the art, such as transformation, transfection and the like. The cells into which the cloning vehicles are introduced will 
thus contain cDNA encoding human manganese superoxide dismutase polypeptide or analog or mutant thereof if the 
cDNA was present in the cloning vehicle or will contain DNA which includes a strand, all or a portion of which has the 
sequence for human manganese superoxide dismutase polypeptide shown in Figure 1 or sequence substantially similar 
thereto if such DNA was present in the cloning vehicle. 

Escherichia coli are preferred host cells for the cloning vehicles of this invention. A presently preferred auxotrophic 
strain of E. coli is A1645 which has been deposited with the American Type Culture Collection in Rockville, Maryland, 
U.S.A. containing plasmid pApoE-Ex2, under ATCC Accession No. 39787. All deposits with the American Type Culture 
Collection referred to in this application were made pursuant to the Budapest Treaty on the International Recognition of 
the Deposit of Microorganisms. 

A1645 was obtained from A1637 by selection for Gal' (ability to ferment galactose) as well as loss of tetracycline 
resistance. It still contains elements of phage k. Its phenotype is C600 r~m* gal* thr~ leu - iacZ" bl {X c!857 AH1 ABam 
H1 N"*). 

A1637 was obtained from C600 by inserting transposon containing tetracycline resistance gene into the galactose 
operon as well as elements of phage X including those elements responsible for cl repressor synthesis. C600 is available 
from the American Type Culture Collection, as ATCC Accession No. 23724. 

Prototrophic strains of Escherichia coli which enable high level polypeptide expression even when grown in a minimal 
media are even more preferred as hosts for expression of genes encoding manganese superoxide dismutase. One 
presently preferred prototrophic strain is A4255. Strain A4255 containing the plasmid pMSE-4 has been deposited with 
the American Type Culture Collection under ATCC Accession No. 53250. 

The resulting cells into which DNA encoding human manganese superoxide dismutase polypeptide or analog or 
mutant thereof has been introduced may be treated, e.g. grown or cultured as appropriate under suitable conditions 
known to those skilled in the art, so that the DNA directs expression of the genetic information encoded by the DNA, 
e.g. directs expression of the hMnSOD polypeptide or analog or mutant thereof/and the cell expresses the human 
manganese superoxide dismutase polypeptide or analog or mutant thereof which may then be recovered. 

As used throughout this specification, the term "superoxide dismutase" (SOD) means an enzyme or a polypeptide 
acting upon superoxide or oxygen-free radicals as receptors, or which catalyze the following dismutation reaction: 

202- + 2H*-*O 2 + H2O 2 

The term "manganese superoxide dismutase" (MnSOD) as used herein means any superoxide dismutase molecule 
containing the element manganese, in any of its chemical forms. 

The term "human manganese superoxide dismutase polypeptide" as used herein means a polypeptide of 1 98 amino 
acids a portion of the amino acid sequence of which is shown in Figure 1 ; the N-terminus of the sequence is the lysine 
encoded by nucleotides 1 1 5- 1 1 7 of Figure 1 and the COOH terminus of the sequence is the lysine encoded by nucle- 
otides 706-708 of Figure 1 . 

The term "polypeptide manganese complex" as used herein means a molecule which includes a human manganese 
superoxide dismutase polypeptide in a complex with manganese in any of its chemical forms and which has the enzymatic 
activity of naturally-occurring human manganese superoxide dismutase. 

The term "human manganese superoxide dismutase" as used herein means a molecule which includes at least two 
human manganese superoxide dismutase polypeptides in a complex with manganese in any of its chemical forms and 
which has the enzymatic activity of naturally-occurring human manganese superoxide dismutase. 

The term "human manganese superoxidedismutase polypeptide analog" as used herein means a polypeptide which 
includes a human manganese superoxide dismutase polypeptide to either or both ends of which one or more additional 
amino acids are attached or removed. 

The term "polypeptide manganese complex analog" as used herein means a molecule which includes a polypeptide 
manganese complex, the polypeptide portion of which includes one or more additional amino acids attached or removed 
from it at either or both ends. 
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The term "human manganese superoxide dismutase analog" as used herein means a molecule that includes at 
least two polypeptides at least one of which is human manganese superoxide dismutase polypeptide analog, in a complex 
with manganese in any of its chemical forms, and which has the enzymatic activity of naturally-occurring human man- 
ganese superoxide dismutase. 

The term "human manganese superoxide dismutase polypeptide mutant" as used herein means a polypeptide hav- 
ing an amino acid sequence substantially identical to that of the human manganese superoxide dismutase polypeptide 
but differing from it by one or more amino acids. 

The term "polypeptide manganese complex mutant" means a molecule which includes a human manganese super- 
oxide dismutase polypeptide mutant in a complex with manganese in any of its chemical forms and which has the 
enzymatic activity of manganese superoxide dismutase. 

The term "human manganese superoxide dismutase mutant" as used herein means a molecule which includes at 
least two polypeptides at least one of which polypeptides is a human manganese superoxide dismutase polypeptide 
mutant in a complex with manganese in any of its chemical forms and which has the enzymatic activity of naturally- 
occurrmg human manganese superoxide dismutase. 

The mutants of human manganese superoxide dismutase polypeptide and human manganese superoxide dis- 
mutase which are included as a part of this invention may be prepared by mutating the DNA sequence shown in Figure 
1. the N-termnus of which sequence is the lysine encoded by nucleotides 115-117 and the COOH terminus of which 
sequence is encoded by nucleotides 706-708. 

The DNA may be mutated by methods known to those of ordinary skill in the art, e.g. Bauer et al., Gene 32: 73-81 
(1985) The mutated sequence may be inserted into suitable expression vectors as described herein, which are intro- 
duced into cells which are then treated so that the mutated DNA directs expression of the human manganese superoxide 
dismutase polypeptide mutants and the human manganese superoxide dismutase mutants. 

The eruymatically active form of human manganese superoxide dismutase is believed to be a protein having at 
least two, and possibly four, identical subunits, each of which has approximately 1 98 amino acids in the sequence shown 
in Figure 1 for human manganese superoxide dismutase, the N-terminus of the sequence being the lysine encoded by 
nucleotides 1 15-1 1 7 of Figure 1 and the COOH terminus of the sequence being the lysine encoded by nucleotides 706- 
708 of Figure 1. 

Human manganese superoxide dismutase or analogs or mutants thereof may be prepared from cells into which 
DNA or cDNA encoding human manganese superoxide dismutase, or its analogs or mutants have been introduced. 
This human manganese superoxide dismutase or analogs or mutants may be used to catalyze the dismutation or uni- 
valent reduction of the superoxide anion in the presence of protons to form hydrogen peroxide as shown in the foliowing 

equation: 

~. ■ human MnSOD , , „ ^ 
202- + 2H' + H2O2 + O2 

Veterinary and pharmaceutical compositions may also be prepared which contain effective amounts of human manga- 
nese superoxide dismutase or one or more human manganese superoxide dismutase analogs or mutant and a suitable 
carrier. Such carriers are well-known to those skilled in the art. The human manganese superoxide dismutase or analog 
or mutant thereof may be administered directly or in the form of a composition to the animal or human subject, e.g., to 
treat a subject afflicted by inflammations or to reduce injury to the subjectby oxygen-free radicals on reperfusion following 
ischemia or organ transplantation. The human manganese superoxide dismutase or analog or mutant may also be added 
directly or in the form of a composition to the perfusion medium of an isolated organ, to reduce injury to an isolated 
organ by oxygen-free radicals on perfusion after excision, thus prolonging the survival period of the organ. Additionally, 
the human manganese superoxide dismutase or analog or mutant thereof may be used to reduce neurological injury 
on reperfusion following ischemia and to treat bronchial pulmonary dysplasia. 

A method of producing enzymatically active human manganese superoxide dismutase or an analog or mutant thereof 
in a bacterial cell has also been discovered. The bacterial cell contains and is capable of expressing a DNA sequence 
encoding the human manganese superoxide dismutase or analog or mutant thereof. The method involves maintaining 
the bacterial cell under suitable conditions and in a suitable production medium. The production medium is supplemented 
with an amount of Mn" so that the concentration of Mn" in the medium is greater than about 2 ppm. 

The bacterial cell can be any bacterium in which a DNA sequence encoding human manganese superoxide dis- 
mutase has been introduced by recombinant DNA techniques. The bacterium must be capable of expressing the DNA 
sequence and producing the protein product. The suitable conditions and production medium will vary according to the 
species and strain of bacterium. 

The bacterial cell may contain the DNA sequence encoding the superoxide dismutase or analog in the body of a 
vector DNA molecule such as a plasmid. The vector or plasmid is constructed by recombinant DNA techniques to have 
the sequence encoding the SOD incorporated at a suitable position in the molecule. 
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I n a preferred embodiment of the invention the bacterial cell is an Escherichia coli cell. A preferred auxotrophic strain 
of Ejfflli is A1 645. A preferred prototrophic strain of JLsoli is A4255 The E. coli cell of this invention contains a plasmid 
which encodes for human manganese superoxide dismutase or an analog or mutant thereof. 

In a preferred embodiment of this invention, the bacterial cell contains the plasmid pMSE-4. A method of constructing 
5 this plasmid is described in the Description of the Figures and the plasmid itself is described in Example 2 This plasmid 
has, been deposited with the ATCC under Accession No. S3250. 

In another preferred embodiment of this invention, the bacterial cell contains the plasmid pMSARB4. A method of 
constructing this plasmid is described in the Description of the Figures and the plasmid itself is described in Example 
5. This plasmid may be constructed from pSODpiT-1 1 which has been deposited with the American Type Culture Col- 
10 lection under Accession No. 53468. 

In specific embodiments of the invention, an enzymatically active human manganese superoxide dismutase analog 
is produced by E. coli strain A4255 cell containing the plasmid pMSE-4 and by E. coli strain A4255 cell containing the 
plasmid pMSARB4. 

The suitable production medium for the bacterial cell can be any type of acceptable growth medium such as casein 

is hydrolysate or LB (Luria Broth) medium, the latter being preferred. Suitable growth conditions will vary with the strain of 
E. coli and the plasmid it contains, for example E. coli A4255 containing plasmid pMSE-4 is induced at 42°C and main- 
tained at that temperature from about 1 to about 5 hours. The suitable conditions of temperature, time, agitation and 
aeration for growing the inoculum and for growing the culture to a desired density before the production phase as well 
as for maintaining the culture in the production period may vary and are known to those of ordinary skill in the art. 

20 The concentration of Mn" ion in the medium that is necessary to produce enzymatically active manganese super- 
oxide dismutase will vary with the type of medium used. 

In LB-type growth media Mn" concentrations of 1 50 ppm to 750 ppm have been found effective. It is preferred that 
in all complex types of growth mediums the concentration of Mn" in the medium is from about 50 to about 1500 ppm. 
The specific ingredients of the suitable stock, culture, inoculating and production mediums may vary and are known 

25 to those of ordinary skill in the art. 

This invention also concerns a method of recovering human manganese superoxide dismutase or analog or mutant 
thereof from bacterial cells which contain the same. The Cells are first treated to recover a protein fraction containing 
proteins present in the cells including human manganese superoxide dismutase or analog or mutant thereof and then 
the protein fraction is treated to recover human manganese superoxide dismutase or analog or mutant thereof. 

so In a preferred embodiment of the invention, the cells are first treated to separate soluble proteins from insoluble 
proteins and cell wall debris and the soluble proteins are then recovered. The soluble proteins so recovered are then 
treated to separate, e.g. precipitate, a fraction of the soluble proteins containing the human manganese superoxide 
dismutase or analog or mutant thereof and the fraction is recovered. The fraction is then treated to separately recover 
the human manganese superoxide dismutase or analog or mutant thereof. 

35 The following is a description of a more preferred embodiment of the invention. First, the bacterial cells are isolated 
from the production medium and suspended in a suitable solution having a pH of about 7.0 or 8.0. The cells are then 
disrupted and centrifuged. The resulting supernatant is heated for a period of about 30 to 1 20 minutes at a temperature 
between approximately 55 to 65°C, preferably for 45-75 minutes at 58 to 62°C and more preferably one hour at 60°C, 
and then cooled to below 10°C, preferably to about 4°C. Any precipitate which may form during cooling is removed, e.g. 

40 by centrifugation and then the cooled supernatant is dialyzed against an appropriate buffer. Preferably the cooled super- 
natant is dialyzed by ultrafiltration employing a filtration membrane smaller than 30K, most preferably 10K. Appropriate 
buffers include 2 mM potassium phosphate buffer having a pH of about 7.8. After or simultaneously with this dialysis the 
cooled supernatant may optionally be concentrated to an appropriate volume, e.g. 0.03 of the supernatant's original 
volume has been found to be convenient. The retentate is then eluted on an anion exchange chromatography column 

45 with an appropriate buffered solution, e.g., a solution at least 20 mM potassium phosphate buffer having a pH of about 
7.8. The fractions of eluent containing superoxide dismutase are collected, pooled and dialyzed against about 40 mM 
potassium acetate, pH 5.5. The dialyzed pooled fractions are then eluted through a cation exchange chromatography 
column having a linear gradient of about 40 to about 200 mM potassium acetate (KOAc) and a pH of 5.5. The peak 
fractions containing the superoxide dismutase are collected and pooled. Optionally the pooled peak fractions may then 

so be dialyzed against an appropriate solution, e.g. water or a buffer solution of about 10 mM potassium phosphate having 
a pH of about 7.8. 

The invention also concerns purified, i.e. substantially free of other substances of human origin, human manganese 
superoxide dismutase or analogs or mutants thereof produced by the methods of this invention. In particular, it concerns 
a human manganese superoxide dismutase analog having at least two polypeptides, at least one of which polypeptides 
55 has the amino acid sequence shown in Figure 1 , the N-terminus of which sequence is the lysine encoded by nucleotides 
1 1 5-11 7 of Figure 1 and the COOH terminus of which sequence is the lysine encoded by nucleotides 706-708 of Figure 
1 plus an additional methionine residue at the N-terminus (Met-hMnSOD). A preferred embodiment of this invention 
concerns purified Met-hMnSOD having a specific activity of 3500 units/mg. 
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The invention further concerns the ligation of human manganese superoxide dismutase gene fragments taken from 
various plasmids to yield a complete human manganese superoxide dismutase gene fragment which can be introduced 
into mammalian cells for the production of MnSOD. The various human manganese superoxide dismutase fragments 
isolated from the plasmids detail the nucleotide sequence of the genomic human manganese superoxide dismutase 
gene including coding and adjacent nucleotides as well as a restriction map and organization of the gene. 

The genomic gene commences at nucleotide 479 which is the first nucleotide of the ATG initiation codon and is 
underlined in Figure 6. The TAA termination codon for the genomic gene is at nucleotides 2022-2024. These numbers 
are arbitrary numbers merely to assist in identifying the nucleotide region. 

A restriction map and organization of the genomic human manganese superoxide dismutase gene is depicted in 
Figure 5. 

As noted, portions of genomic manganese superoxide dismutase DNA are found in each of three different clones, 
pMSG1 1-1 , pMS<34, and pMSG-1b also depicted in Figure 5 and the DNA from these clones was used to map the 
nucleotide sequence of Figure 6. Also shown in Figures 6 and 7 are the exon and intron regions of the human manganese 
superoxide dismutase gene. 

The invention also relates to eucaryotic cells in which the DNA sequence encoding human manganese superoxide 
dismutase is expressed and to eucaryotic cells wherein the cell has been transformed with a plasmid comprising the 
DNA sequence encoding human manganese superoxide dismutase. This DNA sequence may be present in the cell in 
single or in multiple copies. The DNA sequence encoding human manganese superoxide dismutase is derived from a 
fragment of human genomic DNA containing the human manganese superoxide dismutase gene. 

in addition, the DNA sequence encoding human manganese superoxide dismutase is regulated by native regulatory 
elements of human genomic manganese superoxide dismutase. The complex DNA sequence analog for genomic human 
manganese superoxdide dismutase polypeptide or an analog thereof including gene sequences coding for the native 
regulatory elements regulating gene expression is shown in the non-coding region of Figure 6 in the region prior to 
where the prepolypeptide is encoded. 

The eucaryotic cell expressing the genomic sequence of human manganese superoxide dismutase is a mammalian 
cell. Examples of mammalian cells which may be used to express the genomic DNA sequence are the human HeLa cell 
line and mouse L cells although it is to be understood that any mammalian cell line may be used. 

The subject invention also relates to methods for producing human manganese superoxide dismutase comprising 
growing the eucaryotic cells described above in a suitable medium under suitable conditions permitting production of 
the human manganese superoxide dismutase, human manganese superoxide dismutase analog, or human manganese 
superoxide dismutase mutant and permitting the recovery of the resulting human manganese superoxide dismutase, 
human manganese superoxide dismutase analog or human manganese superoxide dismutase mutant. 

The subject application further relates to various uses of the human manganese superoxide dismutase. human 
manganese superoxide dismutase analogs or human manganese superoxide dismutase mutants of the invention. 

The human superoxide dismutase, human manganese superoxide dismutase analogs or human manganese super- 
oxide dismutase mutants may be used, for example, to treat a subject suffering from a disorder associated with the 
generation of oxygen free radicals in quantities sufficient to cause undesirable symptoms by administering to the subject 
an amount of the human manganese superoxide dismutase, analog or mutant to alleviate the undesirable symptoms. 
The compounds may be used to treat, for example, a subject with inflammation, and in particular, subjects having synovial 
inflammation. The inflammation may be induced by lipopolysaccharide endotoxin (LPS) or by any other inflammatory 
causing agent. The human manganese superoxide dismutase is preferably administered intraarficularly directly to the 
joint in amounts between about 1 to about 200 mg/joint applied in daily amounts. Other methods of administration may 
also be used. 

Human manganese superoxide dismutase, human manganese superoxide dismutase analogs or human manga- 
nese superoxide dismutase mutants may further be used to treat arthritis and to treat the inflammation caused by arthritis. 
This arthritis may be induced, for example, by an adjuvant. The human manganese superoxide dismutase, the analogs 
or mutants are administered preferably subcutaneously in daily doses of between about 1 and about 100 mg/kg body 
weight of the subject and more preferably i n amounts of between about 3 and about 50 mg/kg body weight of the subject. 
The compounds may also be administered intravenously or by the other methods known to those skilled in the art. 

The human manganese superoxide dismutase, human manganese superoxide dismutase analogs or human man- 
ganese superoxide dismutase mutants may further be used to treat lung fibrosis, a symptom often associated as a side 
effect of bleomycin. The human manganese superoxide dismutase, analogs or mutants are preferably administered 
subcutaneously in daily doses of between about 1 and about 100 mg/kg body weight of the subject and more preferably 
in amounts of between about 3 and about 50 mg/kg body weight of the subject. The compounds may also be administered 
intravenously or intratracheally. 

The invention further relates to specific human manganese superoxide dismutase analogs in which one of the human 
manganese superoxide dismutase polypeptides differs from naturally-occurring human manganese superoxide dis- 
mutase by the absence of one or more amino acids from the N-terminus. 
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The subject application is further concerned with pharmaceutical compositions comprising the human manganese 
superoxide dismutase, human manganese superoxide dismutase analogs or human manganese superoxide dismutase 
mutants in a suitable pharmaceutical carrier. 

The compositions may be used for treatment of various disorders which include, but are not limited to, treatment of 
reperfusion injury following ischemia or organ transplants; treatment of inflammations; treatment of arthritis; treatment 
of bronchial pulmonary dysplasia, treatment of inflammation caused by Crohn's disease; and treatment of inflammation 
caused by collitis. The compositions alleviate the undesirable symptoms associated with the generation of oxygen free 
radicals. 

EXAMPLES 

The Examples which follow are set forth to aid in understanding the invention but are not intended to. and should 
not be construed to, limit its scope in any way. The Examples do not include detailed descriptions for conventional 
methods employed in the construction of vectors, the insertion of genes encoding polypeptides into such vectors or the 
introduction of the resulting plasmids into hosts. The Examples also do not include detailed description for conventional 
methods employed for assaying the polypeptides produced by such host vector systems or determining the identity of 
such polypeptides by activity staining of isoelectric focusing (IEF) gels. Such methods are well-known to those or ordinary 
skill in the art and are described in numerous publications including by way of example the following: 
T. Maniatis, E.F. Fritsch and J. Sombrook, Molecular Cloning: A Laboratory Manual . Cold Spring Harbor Laboratory, 
New York (1982). 

J.M. McCord and I. Fridovich, J. Biol. Chem. 244: 6049-55 (1969). 

C. Beauchamp and I. Fridovich, Anal. Biochem. 44: 276-87 (1971). 

EXAMPLE 1 

In order to identify manganese superoxide dismutase cDNA clones, mixed oligomer probes were synthesized 
according to the published amino acid sequence (18,19). 
5'-prob e - 30 mer sequence from AA 1£ - AA 2 4 (18,19) 

5' 3' 

TTGCATAATTTGTGCCTTAATGTGTGGTTC 
T G T G 

G G 



■ 32 mer sequence from AA^-AA^ (13) 



TCTGTTACGTTTTCCCAGTTTATTACGTTCCA 



The 5-probe consisting of 30 nucleotides corresponds to ami no acids 1 5 to 24 of mature MnSOD. The 3'-probe consisting 
of 32 nucleotides corresponds to amino acids 179 to 189 of mature manganese superoxide dismutase. The 5'-probe is 
a mixed probe consisting of 36 different sequences, as shown above. The 3-probe is a mixed probe consisting of 16 
different sequences as shown above. (When more than one nucleotide is shown at a given position, the DNA strand 
was synthesized with equitnolar amounts of each of the shown nucleotides thus resulting in the mixed probe). 

The 5'-probe was employed to screen 300,000 plaques of a T-cell cDNA library cloned into the X gt-10 vector. 
Hybridization to phage plaque replicas immobilized on nitrocellulose filters was performed according to standard pro- 
cedures (Maniatis et al. supra ) except that the hybridization was performed at 50°C in 8xSSC for 16 hrs. The filters were 
then washed at 50°C with 5xSSC and 0.1% SDS. Three positive plaques were isolated and named Phi MS8, Phi MS1 
andPhiMSU. 
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EcoRI digests of DNA from Phi MS8 and Phi MS1 showed that they both have cDNA inserts approximately 800 bp 
long, which hybridize to both the 5' and 3' oligonucleotide probes. Phi MS1 J carried only 450 bp cDNA insert which 
hybridized only to the 5' end probe. 

The Eco RI inserts of the three phage clones were subcloned into the EcfiRI site of pBR322 thus yielding pMS8-4, 
5 pMS1 -4 and pMS1 J, respectively. Restriction analysis and hybridization to the 5' and 3' oligonucleotide probes revealed 
similar patterns for both pMS8-4 and pMS1-4. The following restriction map showing the 5' -» 3' orientation has been 
deduced for both plasmids. 



Rl PvuII PvuII sea l Bam I Stu l Rl 

100 200 300 400 500 600 700 800 



so The sequence of the cDNA insert of pMS8-4 is shown in Figure 1 . The predicted amino acid sequence differs from the 
published amino acid sequence (19) in that Glu appears instead of Gin in three (3) locations (AA 42, 88, 108) and an 
additional two amino acids, Gly and Trp appear between AA 12 3-124- Sequence analysis of pMSl-4 and pMSU revealed 
that the three manganese superoxide dismutase clones were independently derived and confirmed these differences 
from the published amino acid sequence. 

ss The sequence upstream of the N-terminal Lysine of mature manganese superoxide dismutase predicts a prepeptide 
sequence of 24 amino acids. 

EXAMPLE 2 

3D Construction of pMSE-4: Amp R Human Manganese Superoxide Dismutase Expression Plasmid 

The starting pointfor the construction of pMSE-4 is the plasmid pMS8-4 which was obtained as described in Example 
I . Plasmid pMS8-4. containing human manganese superoxide dismutase cDNA on an Eco_RI insert, was digested to 
completion with ftdej and Nar l restriction enzymes. The large fragment was isolated and ligated with a synthetic oligomer 

35 as depicted in Figure 2. The resulting plasmid, pMS8-NN contains the coding region for the mature manganese super- 
oxide dismutase, preceded by an ATG initiation codon. The above plasmid was digested with EcoRI, ends were filled in 
with Klenow fragment of Polymerase I and further cleaved with Nde l. The small fragment containing the manganese 
superoxide dismutase gene was inserted into pSODa13 which was treated with Nde l and Sjy.l. pSODa13 may be 
obtained as described in pending, co-assigned U.S. Patent Application Serial No. 644,245, filed August 27, 1984 which 

40 is hereby incorporated by reference. This generated plasmid pWISE-4 containing the manganese superoxide dismutase 
coding region preceded by the ell ribosomal binding site and under the control of X Pj_ promoter. Plasmid pMSE-4 has 
been deposited with the American Type Culture Collection under ATCC Accession No. 53250. All methods utilized in 
the above processes are essentially the same as those described in Maniatis, supra. 

45 EXAMPLE 3 

Expression of the Recombinant Human Manganese Sup eroxide pjs m u tase 

Plasmid pMSE-4 was introduced into Escherichia coli strain A4255 using known methods. Then the E. coli strain 
so 4255, containing pMSE-4, were grown at 32°C in Luria Broth (LB) medium containing 100 ng/ml of ampicillin until the 
Optical Density (OD) at 600 nm was 0. 7. Induction was performed at 42°C, Samples taken at various time intervals were 
electrophoresed separated on sodium dodecyi sulfate - polyacrylamide gels electrophoresis (SDS-PAGE). The gels 
showed increases in human manganese superoxide dismutase levels up to 120 minutes post-induction, at which stage 
the recombinant manganese superoxide dismutase protein comprised 27% of total cellular proteins as determined by 
ss scanning of Coomassie-blue stained gel. Sonication of samples for 90 sec. in a W-375 sontcator and partitioning of 
proteins to soluble (s) and non-soluble (p) fractions by centrifugation at 10,000 jig for 5 min. revealed that most of the 
recombinant manganese superoxide dismutase produced was non-soluble. The induced soluble protein fraction con- 
tained only slightly more SOD activity than the uninduced counterpart, as assayed by standard methods. See McCord 
et al., supra . Apparently a portion of the manganese superoxide dismutase found in the soluble fraction is inactive. This 
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suggested that most of the human manganese superoxide dismutase produced under the conditions described in this 
Example is. in effect, inactive. 

EXAMPLE 4 

5 

Effect of Mn" in Growth Media on Manganese Superoxide D ismutase Solubility and Activity 

The addition of Mn" in increasing concentrations up to 450 ppm to the growth media of E. coli A4255, containing 
pMSE-4, prior to a 2 hr. induction at 42°C had no adverse effect on the overall yield of human manganese superoxide 

10 dismutase. Analysis of sonicated protein fractions soluble (s) and non-soluble (p) on sodium dodecyl sulfate - polyacr- 
ylamide gel electrophoresis (SDS-PAGE), showed increased solubilization of the recombinant protein with increased 
Mn'* concentrations (Table 1). An assay of superoxide dismutase activity (see McCord et al„ supra) suggests a corre- 
lation between increased Mn" concentrations in the growth media and increased solubility of the manganese superoxide 
dismutase with an apparent optimum at 150 ppm Mn" concentration in the media (Figure 3). Furthermore increased 

is Mn" concentrations activated previously inactive soluble enzyme. Soluble protein fractions of induced cultures grown 
at these Mn" levels show up to 60-fold increase in SOD activity over soluble protein fractions of non-induced cultures 
grown at these Mn" levels. Activity staining of isoelectric focusing (IEF) gels (see Beauchamp et al, supra .) revealed 
that multi forms of the recombinant manganese superoxide dismutase were identical to those of native human liver 
MnSOD. 

20 Results for human manganese superoxide dismutase production by E. coli Al 645 containing pMSE-4 were similar 
to those described above. 



TABLE 1 



25 


Mn" (ppm) 


Percent Soluble human Mn SOD 
of Total human MnSOD Induced 


Percent Soluble human Mn SOD 
of Soluble Bacterial Proteins 


Specific Activity units/mg 
Soluble Proteins 




0 


30.6 


7.2 


30 




50 


72.7 


15.4 


241 




100 


78.0 


16.9 


356 




150 


82.9 


18.8 


606 




200 


82.0 


20.8 


338 




250 


79.2 


20.4 


380 


35 


300 


80.8 


20.3 


381 




450 


89.2 


22.4 


323 



EXAMPLE 5 

Construction of pMSARB4: Tet R Human Manganese Superoxide Dismutase Expression Ptasmid 

Tet R expression vector, pARB, was generated from pSODPiT-1 1 by complete digestion with Ico_RI followed by partial 
cleavage with BamHI restriction enzymes. pSODpyr-1 1 has been deposited with the American Type Culture Collection 
under Accession No. 53468. The digested plasmid was ligated with synthetic oligomer 

5 ' ^- AATTCCCGGGTCTAGATCT - 3 ' 
3'- GGGCCCAGATCTAGACTAG - 5' 



resulting in pARB containing the X P L promoter. 

The Eco RI fragment of manganese superoxide dismutase expression plasmid pMSE-4, containing ell ribosomal 
binding site and the complete coding sequence for the mature enzyme, was inserted into the unique EsqRI site of pARB. 
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The resulting plasmid, pMSARB4, contains the manganese superoxide dismutase gene under control of X P L and ell 
RBS and confers resistance to tetracycline (Figure 4). 

EXAMPLE 6 

Expression of Human Manganese Superoxide Pismutase from PMSARB4 

Plasmid pMSARB4 was introduced into Escherichia coli strain A4255, using known methods. Cultures were grown 
at 32°C in Luria Broth (LB) containing various concentrations of Mn", until the Optical Density (OD) at 600 nm reached 
6.7. Induction was performed at 42°C. Samples taken at various time intervals were electrophoresed on SDS-PAGE. 
hMnSOD level increased with induction time up to 120 minutes, at which stage it comprised about '15% of total cellular 
proteins as determined by scanning of Coomassie Blue stained gel. 

The induced manganese superoxide dismutase was soluble, regardless of Mn" concentration in growth media. This 
is in contrast with observations for the Amp R plasmid pMSE-4. (See Example 4.) However, maximum SOD activity and 
expression level were dependent on Mn" supplementation (Table 2). 



TABLE 2 



Manganese Superoxide Dismutase Expression in E.Coli A4255 (pMSARB4) 


ppmMn" 


Percent Soluble hMnSOD of Soluble Bacterial Proteins 


Specific Activity Units/mg Soluble Proteins 




42" 


32" 


42° 


0 


10.9 


8.0 


23 


50 


19.8 


8.0 


227 


100 


16.0 


8.0 


241 


200 


17.0 


10.0 


278 


300 


16.0 


9.3 


238 



EXAMPL E 7 

Purification of Enzvmaticallv Active Recombinant Human Manganese Superoxide Dismutase Anal og 

E- coli strain A4255 harboring plasmid pMSARB4 was fermented in LB supplemented with 750 ppm Mn", at 3200 
to an A600 of 17.0. Induction of human manganese superoxide dismutase expression was effected by a temperature 
shift to 42°C for 2 hours at which stage the culture reached A600 of 43.0. Cells were harvested by centrifugation and 
resuspended in 0.2 original volume in 50 mM potassium phosphate buffer, pH 7.8 containing 250 mM NaCI. Bacteria 
were disrupted by a double passage through Dynomill®, centrifuged and cell debris were discarded. The supernatant 
was heated for 1 hour at 60°C, cooled to 4°C and the cleared supernatant was concentrated to 0,03 original volume and 
dialyzed against 2 mM potassium phosphate buffer, pH 7.8, on a Pellicon® ultra filtration unit equipped with a 10K 
membrane. The crude enzyme preparation was loaded onto a DE52® column, washed thoroughly with 2 mM potassium 
phosphate buffer, pH 7.8 and eluted with 20 mM potassium phosphate buffer, pH 7.8. Pooled fractions containing the 
enzyme were dialyzed against 40 mM potassium acetate, pH 5.5, loaded onto a CM52® column and eluted with a linear 
gradient of 40 - 200 mM potassium acetate, pH 5.5. Peak fractions containing human manganese superoxide dismutase 
were pooled, dialyzed against H 2 0, adjusted to 10 mM potassium phosphate buffer, pH 7.8 and frozen at -20°C. 

Recombinant human manganese superoxide dismutase analog obtained was more than 99% pure, with a specific 
activity of about 3500 units/mg. The overall yield of the purification procedure was about 30% (Table 3). 

Sequencing of the purified enzyme shows the presence of an additional methionine at the N-terminal amino acid 
as compared with the known human manganese superoxide dismutase (19). 
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Analysis for metal content by atomic absorption revealed about 0.77 atoms Mn per enzyme subunit. This is in accord- 
ance with published data (23). 



TABLE 3 



Purification of Recom 


binartt Human* Mn-SOD 


step 


Total Proteins gm 


Yield 


Specific Activity units/mg 






gmSOD 


% 




Dynomill® supernatant 


100.0 


11.9 


100.0 


417 


60°C supernatant 


24.0 


8.2 


68.9 


1197 


Pellicon® retentate 


20.0 


7.5 


63.0 


1350 


DE52® eluate 


7.3 


5.7 


48.0 


2732 


CM52® eluate 


4.2 


4.2 


35.3 


3500 



"Values for enzyme purified from 1 5 L fermentation. 



EXAMPLE 8 

Isolation and Structure of H uman Manganes^^yperpxide Dismutase Gene 

Human placental DNA digested with Hindi II and BamHI was fractionated according to its size, hybridized with an 
manganese superoxide dismutase cDNA probe and the positive enriched fractions were cloned in pBR322. Threedistinct 
clones were identified according to their restriction and hybridization patterns: pMSGH-1, overlapping pMSG4, both 
comprising the 5' end of manganese superoxide dismutase gene and followed by the consecutive clone pMSG-1 b which 
contains the 3" end of the gene. Plasmid pMSG11-1 has been deposited in the ATCC under Accession No. 67363; 
plasmid pMSG4 has been deposited in the ATCC under Accession No. 67364; and plasmid pMSG-lb has been deposited 
in the ATCC under Accession No. 67365. Figure 5 shows the restriction map and organization of the manganese super- 
oxide dismutase gene. The nucleotide sequence of the gene is shown in Figure 6. The manganese superoxide dismutase 
gene spans a region of about 15 Kb and contains six exons. The first intron interrupts the region coding for the leader 
peptide while the last intron appears in the 3" untranslated region downstream to the TAA termination codon. 

The sequences of the donor and acceptor splice junctions at the exon-intron boundries are summarized in Figure 
7 and compared with the consensus sequence. It should be pointed out that the first intron contains either an unusual 
donor sequence; GG instead of the highly conserved GT (as depicted in Figure 6), or an unusual acceptor sequence; 
GG instead of AG (if one moves the exon by one nucleotide). All other four introns are bound by the conserved GT ... 
AG nucleotides. 

The promoter region lacks TATA and/or CAT boxes. However, it is highly rich in GC and contains eight repeats of 
the consensus hexanucleotide core for binding transcription factor Spl (GGGCGG). Moreover, it includes a series of 
direct repeats and possible stem-loop structures. The polyadenylation signal AATAAA appears 85 nucleotides down- 
stream from the last exon (according to the known cDNA sequence). The sequence of the promoter region and the 
sequence of the coding regions and adjacent nucleotides was determined. 

The manganese superoxide dismutase gene regions from plasmids pMSG1 1 -1 , pMSG4 and pMSG-1b can be con- 
veniently isolated from the plasmids and ligated to one another to form the entire manganese superoxide dismutase 
gene. For example, the approximately 6 KB Hindlll-partial BamHI fragment from pMSGl 1-1 can be ligated to the entire 
BamHI insert in plasmid pMSG4 followed by ligation to the entire BamHI insert from pMSG-1 b. Trie result of this ligation 
would be a DNA fragment encoding the human manganese superoxide dismutase gene. This DNA fragment could then 
be introduced into mammalian celfs through known methods either directly or after ligation to a cloning vehicle such as 
a plasmid or virus. The transformed cell line could then be used for production of manganese superoxide dismutase 
polypeptide, analog or mutant thereof, by culturing in a suitable medium under suitable conditions. The polypeptide so 
produced could then be recovered by methods similar to those set forth in Example 7. The polypeptide so recovered 
could then be used formulated and used therapeutically, for example, for treatment of ischemia or inflammation. 
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EXAMPLE 9 

Transcription of Manganese Superoxide Dismutase in Human Cells 

5 The human manganese superoxide dismutase cDNA from plasmid pMS-84 (Figure 2) was hybridized to polyA 1 RN A 

from human cell lines, human placenta, mouse WEHI-3 cells and bovine liver. Two species of human mRNA for man- 
ganese superoxide dismutase were identified, a major transcript of human mRNA encoding manganese superoxide 
dismutase of about 1000 nucleotides (rrt) long and a minor transcript of about 4000 nt in length. The mouse mRNA for 
manganese superoxide dismutase is similar in size to the human major transcript, whereas mRNAforbovine manganese 

10 superoxide dismutase is about 300 nt longer. The long human trancript (4000 nucleotides) hybridizes to the fifth irrtron 
of the human manganese superoxide dismutase gene, downstream from the exon coding for the carboxy terminus of 
the enzyme. This partially spliced transcript is non-tissue specific. 

The proportion of both CuZn and manganese superoxide dismutase mRNAs in various cell lines was in the order 
of 1 0"3%, as determined by hybridization of the SOD cDNA probes to dot Wots of serially diluted polyA' RNA (Table IV). 

is The manganese superoxide dismutase message was most abundant in Hepatoma cells (2.5x1 0"*%) and CuZn SOD 
transcripts were most abundant in the T-lymphocyte line (4 x 10 _ 3%). 



TABLE IV 



Transcription Levels of Manganese Superoxide Dismutase and CuZn SOD in Human Cell Lines 


Cell Line 


%ofpolyA' RNA 




MnSOD 


CuZnSOD 


1. PEERT-cell 

2. 5637 Bladder Carcinoma 

3. Alexander Hepatoma 


0.6x10~3 
0.8x10~3 
2.5x10-3 


4.0x10~3 
1.6x10-3 
2.0x10-3 



EXAMPLE 10 

Pharmacokinetic and Anti-Inflammatory Properties of Recombinant Human Manganese Superoxide Dismutase 
35 . INTROD UCTION 

The anti-inflammatory activity of CuZn SOD has been demonstrated in various biological models. The pharmacok- 
inetics of CuZn SOD after administration by various routes have also been examined, and it has been found to have a 
relatively short half-life (approximately 7 minutes when injected intravenously). By contrast, very little is known about 

40 the pharmacokinetics and biological activity of MnSOD. There is only one report on the comparison of the pharmokinetic 
and anti-inflammatory properties of the CuZn and the Mn containing enzymes (Baret etal., 1984). Baret et al. claim that 
the half-life of manganese superoxide dismutase injected intravenously is extremely long (6.45 hours). On the other 
hand, manganese superoxide dismutase was shown to be ineffective against carrageenan-induced paw inflammation 
in rats, while the CuZn SOD was effective in reducing inflammation. In the study described herein, we have compared 

4s the pharmacokinetic properties of recombinant human manganese superoxide dismutase with that of a recombinant 
human CuZn SOD analog when given subcutaneous!/ Concurrently, we have compared the anti-inflammatory activities 
of these two enzymes in the carrageenan paw edema model. Unexpectedly, it was found that manganese superoxide 
dismutase was efficacious in reducing inflammation in the rat model system. 

so PHARMACOKINETIC STUDIES 

Rats were injected subcutaneously with 50 mg/kg body weight of either recombinant human CuZn SOD analog or 
recombinant human MnSOD. Blood samples were drawn 0.5, 2, 4, 8, 24, 30 and 48 hours after injection and superoxide 
dismutase activity in the samples was determined by an enzymatic assay (Fridovich) . 
ss Figure 8 summarizes the results. As shown. CuZn SOD analog values reached a maxmimum of about 10 jig/ml 
after 2 hours and stayed at about that level for additional 6 hours, but dropped to pre-injection levels after 24 hours. By 
contrast, manganese superoxide dismutase levels gradually increased to reach a maximal level of about 70 ng/ml by 8 
hours, and stayed at about this level tor at least 30 hours. By 48 hours, the enzyme activity in serum dropped to about 
20 ng/ml, a value that was still well above the pre-injection levels. 
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ANTI-INFLAMMATORY ACTIVITY 

The rat model of carrageenan-induced paw edema was used to assay the anti-inflammatory activity of CuZn SOD 
analog and MnSOD. In this model, Wistar-derived male rats (130-150g b.w.) were given a sub-plantar injection of 0.1 
ml of 0.1% w/v carrageenan into the left hind paw. The paw volume was measured by an Hg-displacement volumeter 
(a modification of a Ugo-Basile® volumeter, Comerio. Italy) before and at hourly intervals after paw injection. Animals 
were divided into 4 groups (8 rats/group). One group received a subcutaneous injection of 50 mg/kg of manganese 
superoxide dismutase 24 hours before carrageenan administration (-24 h Mn; cf. Figure 9). The second group was 
iniected with Cu/Zn SOD analog (50 mg/kg) 24 hours before the carrageenan challenge (-24 h Cu), while the third group 
was injected with 60 mg/Kg of CuZn SOD analog only 2 hours before the challenge (-2h Cu). The fourth group did not 
receive any pretreatment and served as a control. 

The results are shown in Figure 9. As seen, the administration of CuZn SOD analog 2 hours before the induction 
of inflammation resulted in a 50% reduction of the swelling response. In contrast, pretreatment with the CuZn enzyme 
24 hours before challenge was without effect. However, a 24-hour pretreatment with manganese superoxide dismutase 
resulted in an anti-inflammatory response which was similar to the effect of the 2 hours pretreatment with CuZn SOD 
analog 

CONCLUSIONS 

tt has been demonstrated herein that the rate of disappearance of recombinant human manganese superoxide 
dismutase in the rat is much lower than that of the recombinant CuZn SOD analog. This is in agreement with the previous 
report of Baret et al . ( 1 984) concerning the natural human manganese superoxide dismutase. However, the manganese- 
containing enzyme has been shown herein to be active jjiyjyjj as an anti-inflammatory agent - an activity that is attributed 
to its superoxide dismutase ability. This finding is surprising in view of the report of Baret et al. (1984), which claimed 
that manganese superoxide dismutase was not active in a similar system. The finding that manganese superoxide 
dismutase remains efficacious as an anti-inflammatory drug even 24 hours after administration indicates that it may be 
used as a long-acting therapeutic agent. 

EXAMPLEJl 

Biological Model of Recombinant Manganese Superoxide Dismutase and its Role as an Anti -Inflammatory Agent: Phar- 
macokinetics of Intravenously Administered MnSOD 

Male rats (100-1 10 gram body weight, group size of 7 rats) were injected intravenously with human recombinant 
manganese superoxide dismutase prepared in saline solution (saline = 0.1 5 M NaCI). Dosage of manganese superoxide 
dismutase was according to rat body weight (b.w.) and in this study, 25 mg/kg b.w. was the dosage of choice. 

Intravenous (i.v.) administration was compared pharmacokinetically with intraperitoneal (i.p.) and subcutaneous 
(s.c.) administrations using the same dose (25 mg/kg b.w.) of recombinant manganese superoxide dismutase in saline 
and the same number of rats per group (n = 7). 

After administration of manganese superoxide dismutase in the above three groups, blood samples were drawn at 
0.03, 0.5, 2, 4, 24, 30 and 48 hours post-injection and were analyzed both enzymatically and by RIA. The enzyme assay 
was exactly as described before in Example 10 (using method of Fridovich). The RIA was carried out using standard 
procedures with anti-manganese superoxide dismutase antibodies (prepared by us) and protein A (from Staphylococcus 
aureaus) . 

The results are depicted in Figure 10 and may be summarized as follows: 

(1) Intravenously administered (i.v., curve (1)) manganese superoxide dismutase has a very high initial serum level, 
as expected, of 430 ug/ml. This level drops sharply in the first two hours following injection (to 240 ng/ml). This sharp 
drop is due to the re-distribution (via uptake mechanisms) of manganese superoxide dismutase throughout the 
various tissues of the body. After the initial two hours, the rate of clearance of manganese superoxide dismutase 
has first-order kinetics and a half life, t1/2, of 6.2 hours. 

(2) Intraperitoneally administed (i.p., curve (2)) manganese superoxide dismutase showed an initial (first 2 hours) 
sharp increase in serum manganese superoxide dismutase levels, consistent with rapid uptake via the peritoneal 
membranes, (from 0 jig/ml to 115 ng/ml). The subsequent increase in the next two hours is slow, reaching peak 
serum levels of 120 ng/ml after 4 hours. At this point serum manganese superoxide dismutase levels began to 
decline with a first-order clearance rate, and a 1 1/2 of 5.5 hours. 

(3) Subcutaneously administered manganese superoxide dismutase shows a low rate of entry into the serum, reach- 
ing low levels of only 27 u.g/ml after 4 hours. At this point serum manganese superoxide dismutase levels decline 
with a first-order clearance rate and 1 1/2 of 7.3 hours. 
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It should also be noted, especially in the case of intravenously administered recombinant manganese superoxide 
dismutase, that significant serum levels are still present 48 hours after injection (10 ug/ml). 

Thus, we conclude that the most effective way of administering manganese superoxide dismutase is intravenously. 
This gives very high initial serum levels which remain as significantly high serum levels (160 (ig/ml) in the first 4 hours 
after injection. This is much more effective than either intraperitoneally or subcutaneously-administered manganese 
superoxide dismutase using same dosages in injection. 

Finally, in all cases, the 1 1/2 of serum manganese superoxide dismutase is markedly greater than that described 
for CuZn SOD (about 7 - 30 minutes), thus making manganese superoxide dismutase a potentially more effective ther- 
apeutic agent than CuZn SOD. 

Human manganese superoxide dismutase was reported to have a much longer half-life after intravenous adminis- 
tration to rats than the phylogenetJcally unrelated enzyme CuZn SOD (11/2 = 6.45 h vs. 6 min, respectively; Baret, Jadot 
and Michelson, Biochem Pharmacol. 33: 2755 (1 984).) ft was further claimed that, unlike CuZn SOD, manganese super- 
oxide dismutase is pharmacologically inactive when tested in inflammation models in vivo. As described above, we have 
cloned and expressed human manganese superoxide dismutase in E. colt . The purified recombinant protein is different 
from the natural enzyme by the presence of an additional methionine at the amino terminus. However, it exhibits specific 
enzymatic activity indistinguishable from that of natural mitochrondrial manganese superoxide dismutase purified from 
human liver. 

Pharmacokinetic analysis of recombinant human manganese superoxide dismutase (r-hMnSOD) given intrave- 
nously to rats revealed a half-life of 6.2 h, which is consistent with the published value for the natural enzyme. The 
potential anti-inflammatory activity of r-hMnSOD was tested in the model of carrageenan-induced edema in the rat paw. 
Recombinant human CuZn SOD (r-hCuZnSQD) was used for comparison. The two enzymes were administered accord- 
ing to two experimental regimens: (1) the enzymes were injected subcutaneously (50 rng/kg B.W.) either 2 h or 24 h 
before the carrageenan challenge; (2) the enzymes were injected intravenously at 8 or 20 mg/kg B.W. 10 min. prior to 
the carrageenan challenge. The results are illustrated in Table 5 below: 



TABLE 5 



Route of injection 


Time Before Carrageenan 


Dose (Mg/Kg B.W.) 


Inhibition of Paw Swelling 








r-hMnSOD 


r-hCuZnSOD 


Subcutaneous 


2h 


50 


50% 


50% 


Subcutaneous 


24h 


50 


40% 


0 


Intravenous 


10 min 


8 


50% 


0 


Intravenous 


10 min 


20 


80% 


10% 



Collectively, the results demonstrate that r-hMnSOD is an effective ani-inflammatory agent. Furthermore, its 
extended half-life in the Wood, relative to CuZn SOD, makes r-hMnSOD more suitable for treatment of chronic inflam- 
matory diseases, such as arthritis, colitis and radiation damage. 

EXAMPLE J2 

Biological Model of Recom binant Manganese Superoxide Dismutase and Its Role as an Anti-Inflammatory Aaent: Effect 
of Intra-Articular Administration of Manganese Superoxide Dismutase on Synovial Inflammation Indu ced hv Ba cterial 
Uppppiysaccharide Endotoxin (LPS) 

As a model for synovial inflammation and the ability of manganese superoxide dismutase to inhibit such inflamma- 
tion, the knee-joint (synovial) inflammation model in rats was utilized. (More details used herein as reference, are 
described by Ginsburg et al., in "Bayer-Symposium VI: Experimental Models of Chronic Inflammatory Diseases" 256- 
299 (1977), Springer Verlag). 

In this model, inflammation is induced by intraarticular injection of bacterial lipopolysaccharide endotoxin (LPS) (0.1 
mg/ra1). The degree of inflammation is reflected by the swelling of the synovial tissue, and is measured as the increase 
in weight 8-16 hours post-administration. Figure 11 shows a comparison between human CuZn SOD and manganese 
superoxide dismutase administered together with the LPS. To test the anti-inflammatory effects of manganese super- 
oxide dismutase and CuZn SOD in this model, it is best to coadminister the LPS toxin and the manganese superoxide 
dismutase or CuZn SOD. Dosages that were used are as follows: 0.6 mg/knee manganese superoxide dismutase and 
both 1 mg/knee and 5 mg/knee for CuZn SOD. As shown, manganese superoxide dismutase was as effective as CuZn 
SOD in the inhibition of LPS-induced synovial inflammation. Both doses of CuZn SOD (1 mg/knee, 5 mg/knee) and the 
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dose of manganese superoxide dismutase (0.6 mg/knee) were effective in reducing, significantly, the amount of LPS- 
induced Knee-joint inflammation. In fact, the level of inflammation resulting from co-injection of SOD (CuZn SOD or 
MnSOD) and LPS is no greater than the sham-injection with saline only (negative control). This therefore, clearly illus- 
trates the anti-inflammatory effect of SOD (MnSOD and CuZn SOD). The inhibition of inflammation was judged to be 
significant on the basis of Student t-test statistical analysis at 3 levels of probabilistic stringency; 5%, 1% and 0.1% levels 
(p 0.05; - 0.01, and p 0.001, respectively). Thus, the higher CuZn SOD dose (5 mg/knee) was most significant in its 
effect; the manganese superoxide dismutase dose (0.6 mg/knee) and lower CuZn SOD dose (1 mg/knee) were highly 
significant in inflammation-inhibition. 

EXAMPLE 13 

Biological Model of Recombinant Manganese Superoxide Dismutase and Its Role as an Anti-Inflammatory Agent: Effect 
of Manganese Superoxide Dismutase in Adjuvant-Induced Arthritis 

The induction of joint inflammation in rats by administration of Freund's adjuvant is considered to be the model of 
choice for experimental rheumatoid arthritis (more details, used herein as reference are described in Newbouid, Brit. J. 
Pharmacol. 21 (1 963) 1 27-). An injection of theadjuvant (50 jil of Freunds' adjuvant with 1 0 mg/ml of killed Mycobacterium 
Tuberculosis) into the foot pad results in an initial swelling of the paw, reaching a plateau after 3 days, followed after 14 
days by a second increase in paw and joint swelling, which persists for another 7- 1 0 days. The second period is regarded 
as the phase of immunologically-induced chronic arthritis. To examine the efficacy of SOD as an anti-arthritic drug, CuZn 
SOD and manganese superoxide dismutase were given subcutaneously (in doses expressed as mg per kg body weight) 
to adjuvant-treated rats during days 14-21 after adjuvant administration. The enzymes were given either daily (both 13.5 
mg/kg and 25 mg/kg doses) or on alternating days (a 50 mg/kg dose). The results shown in Figure 12 indicate that 
manganese superoxide dismutase is more effective as the treatment given daily, while the CuZn SOD given on alternating 
days appeared to be ineffective. The levels of effectiveness of treatment were determined by statistical analysis using 
the Studentt-test at 3 levels of stringency (described in Example 12). These results clearly demonstrate the efficacy of 
manganese superoxide dismutase as an anti-arthritic drug. 

EXAMPLE 14 

Biological Model of Recombinant Manganese Superoxide Dismutase and . Its Role as an Anti-Inflammatory A gent Effect 
of Manganese Superoxide Dismutase on Bleomvcin-induced Luna Fibrosis 

Bleomycin (BLM) is an antineoplastic agent widely used against various types of carcinomas and lymphomas (more 
details, used herein as reference, are described in Counts etal., J. Pharmacol. Exp. Ther. 219 : 675-678(1981). A major 
problem associated with the use of bleomycin is the induction of lung fibrosis resulting from high doses of the agent, 
thus limiting its therapeutic usefulness. (See, for example, Crooks & Bradner, J. Med., 7: 333 (1976)). This side-effect 
of bleomycin is believed to be mediated by the generation of oxygen radicals in the lung tissue. (See, for example, Frank, 
Trends Pharmacol. Sci. 4: 124 (1983)). To examine the possible use of manganese superoxide dismutase for the pro- 
tection of the lung from bleomycin-induced fibrosis, we have used the rat as a biological model. (See, for example, Kelley 
et aL, J. Lab. Clin: Med. 9§: 254 (1980)). In this model, 15 rats (100-120 g b.w.) were treated with 1.5 mg (= 1.5 units) 
of bleomycin given intra-tracheally. A second group of rats (15 rats), the negative control, received saline only, while a 
third group (15 rats) was given bleomycin as in group 1 and then treated for 7 days with daily subcutaneous injections 
of manganese superoxide dismutase (50 mg/kg b.w. dose). Table 6 represents the 3 week mortality data following ble- 
omycin administration. As seen in the table, the daily treatment with manganese superoxide dismutase was significantly 
protective (87% survival versus 40%; statistical significance of p>0.05 by Student t-test). The lungs of the surviving rats 
were excised and the collagen content (expressed as hydroxy-proline content) was determined, (using standard proce- 
dures according to Woessner in The Methodology of Connective Tissue Research ". Hall, Ed. Oxford (1976) Joynson- 
Bruwers Ltd. pp. 227-233 and Woessner, Arch. Biochem. Biophys. 93: 440-447 (1961). FIGURE 13 shows the lung 
weights (normalized for 100 g body weight) and hydroxyproline content of the treated animals. As shown in Figure 13, 
the MnSOD treatment partially inhibited the increase in total lung weight and effectively protected the lungs against an 
increase in collagen (reflected by level of hydroxyproline). 

As seen in Figures 13 and 14, OH-proline levels in the r-human manganese superoxide dismutase treated group 
were elevated to only 25% of the BLM group, indicating that the enzyme effectively inhibited fibrosis. 

In two additional experiments, we compared the effects of frequency as well as different routes of administration 
using both r-human manganese superoxide dismutase and r-human CuZn SOD. In the first experiment, the enzymes 
were given subcutaneously (50 mg/kg) either once every other day (Days 1, 3, 5) or by a single injection on Day 1. As 
seen in Figure 15, r-human manganese superoxide dismutase was partially protective when given once (approx. 34% 
reduction of BLM result) but was more effective when administered every other day or daily (Figures 14 and 15) for a 
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week (nearly 75% reduction of BLM insult). Similarly, a single dose of r-human CuZn SOD showed no protection, but 
when given every other day was equally as protective as a single injection of r-human manganese superoxide dismutase. 

The same experiment was repeated using an intraperitoneal route of administration rather than subcutaneous. The 
results, depicted in Figure 1 6, again show that the preferred combination is r-human manganese superoxide dismutase 
given three times a week. 

Collectively, our results confirm the hypothesis that BLM in lung fibrosis is oxygen free radical mediated, and that 
such fbrosis could be inhibited by either r-human manganese superoxide dismutase or r-human CuZn SOD. The fact 
that r-hMnSOD was more effective than r-CuZnSOD in this process is most probably due to its longer half -life in circulation 
tallowing intravenous injection (t 1/2 i.v. for r-hMnSOD and CuZn SOD is about 6 hours versus 6 minutes, respectively, 
in rats) Figure 10 represents the results of our pharmacokinetic study of r-human manganese superoxide dismutase in 
rats (25 mg/kg), using 3 routes of administration. 

The first-order kinetic decline from peak levels showed half-lives of 6.2, 5.5 and 7.3 hours for intravenous, intraperi- 
toneal and subcutaneous route respectively. The much shorter half-life of r-human CuZn SOD (Figure 8) requires more 
frequent administration and possibly higher doses as compared to r-human manganese superoxide dismutase, in order 
to attain equivalent pharmacological levels and hence similar protective effects. Further experiments assessing dose- 
response are in progress. 

We conclude that the recombinant SOD enzymes, particularly r-human manganese superoxide dismutase, might 
be a useful adjunct to bleomycin (and possibly its derivatives, such as tallysomycin) therapy. 

CON CLUSIONS 

It has been demonstrated herein that recombinant manganese superoxide dismutase is an effective anti-inflamma- 
tory agent. This was shown by its therapeutic effects in three biological models of inflammation. In all three models, the 
recombinant manganese superoxide dismutase had a highly significant effect in inhibiting inflammation and was at least 
as effective (in most cases more effective) than CuZn SOD which was used for comparative purposes. In addition, the 
fact that manganese superoxide dismutase remains in the serum for long periods, as shown by the pharmacokinetic 
studies, indicates that it may be used as a long-acting therapeutic agent. 



TABLE 6 



Effect of MnSOD on Bleomycin-induced Death After 3 Weeks 


Treatment 


No. of Surviving Rats 


Bleomycin(*) 

Bleomycin^) + MnSODf ) 
Saline (0.15 M NaCI) only 


6/15(40%) 

13/15 (87%) (p<0.05; Student t-test) 
15/15(100%) 



* 1 .5 mg (1 .5 units) Bleomycin was given intra-traclieaHy per rat. 
** 50 mg/kg MnSOD was given daily per rat (by subcutaneous injec- 
tion) for 7 days on the first week after bleomycin administration. 



EXAMPLE 15 

Preparation of Human Manganese Super oxid e Dismut ase Analogs 

Human manganese superoxide dismutase was produced essentially as described in Example 7. The manganese 
superoxide dismutase has the following amino terminal sequence. 
Met-Lvs-His-Ser-Leu-Pro— 

As described below, the manganese superoxide dismutase (MnSOD) was treated with Aeromonas aminopeptidase. 
Aerompnas aminopeptidase was prepared from the extra-cellular filtrate of Aerompnas pr oteolytica obtained from the 
American Type Culture Collection (ATCC Accession No. 15338), essentially according to J.M. Prescott and S.H. Wilkes, 
Methods Enzymol. 46: 530-543 (1976). The purification procedure included the following steps: sedimentation and fil- 
tration of bacteria, ammonium sulfate precipitation of the filtrate (367 g per liter), acetone fractionation (43.7% to 70% 
acetone), heat treatment at 70°C (for 8 hours) to destroy endopeptidase activity, gel filtration on Sephadex G-75® and 
ion-exchange chromatography on DEAE-Sephadex A-50®. In all experiments 10 mM Tris-Hcl buffer, pH 8.0 replaced 
1 0 mM tricine buffer, pH 8.0 employed by Prescott and Wilkes. Pre-equilibration and elution from the Sephadex G-75® 
column were performed using a solution containing 5 micromolar (\iM) ZnCI 2 rather than 50 micromolar (jtM) ZnCI 2 
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employed in the original procedure (Prescott and Wilkes, supra) . Purification on the DEAE-Sephadex A-50® column 
was performed by preequilibration of the column with 0.1 M NaCI in 10 mM Tris-Hcl, pH 8.0 containing 5 micromoiar 
(ixM) ZnCI 2 . application of the sample and gradient elution with 0.6 M NaCI in the same buffer (containing 5 micromoiar 
(M.M) ZnCy. When the salt concentration had reached about 0.5M the column was eluted with 0.7M NaCI in the same 

5 buffer. The major peak which eluted from the column was collected and diaiyzed against 10 mM Tris-HCI, 0.1M NaCI, 
pH 8.0 containing 5 micromoiar (u.M) ZnCI 2 and then kept frozen at -20°C. 

Prior to reaction with the human manganese superoxide dismutase (hMnSOD), the analog or mutant (of hMnSOD), 
the amino peptidase enzyme solution was incubated at 70° for 2 hours to inactivate any possible traces of endopeptidase 
activity that might have been retained in the preparation and reactivated after prolonged storage. 

w Amino acid analysis was performed using the method of precolumn derealization with FMOC (9-fluoroenylmethy- 
loxycarbonyl chloride), (method according to Josefsson and Einarsson, see, for example, Einarsson et al.. J. Chroma- 
tography 282: 609-618 (1983) and Einarsson, J. Chromatography 34§: 213-220 (1985)). The amino acid derivatives 
were separated on a reverse phase Lichrocart Supersphere® (C18) column (Merck®) in a HPLC (high pressure liquid 
chromatography) system (Hewlett Packard® 1090 HPLC system, operated according to the manufacturer's specifica- 

15 tion). 

Depending on the pH of the solution during treatment, and depending on the duration of the treatment, one or more 
amino acids were removed from the N-terminal of MnSOD. The pH was varied from pH 4.5 - pH 10 and the duration of 
treatment was extended to as long as 24 hours. The experiment below describes the currently preferred conditions for 
amino acid removal from the N-terminal of MnSOD. 
20 Met-MnSOD. 30 mg/ml, produced as described in Example 3, was diaiyzed overnight in 5 mM potassium acetate 
(KOAc)pH4.5. 

250 microliters of Met-MnSOD solution, pH 4.5 (final concentration 6 mg/ml), 700 microliters of 5 mM KOAc buffer 
pH 4.5 and 50 microliters of aminopeptidase solution (1 mg/ml) were mixed and incubated at 37°C. Two aliquots of 108 
microliters were taken after 0 h, 5 h and 24 h. 
25 To the first aliquot, 12 microliters of 15% sulfosalicylic acid solution in water were added, mixed and incubated at 
37°C for 1 5 min. , and then cerrtrifuged in an Eppendorf ® bench centrifuge. 1 00 microliter sample was removed for direct 
amino acid analysis (without acid hydrolysis). The second aliquot was removed for N-terminal sequence analysis. 

Control experiments were run in parallel by incubating Met-MnSOD in the absence of aminopeptidase as described 
in the above procedure. Two aliquots of 1 08 microliters were removed at each time point, and were treated and analyzed 
30 as described for the actual samples. 

After 24 hours of incubation at 37°C, the following molecules were obtained as illustrated in Table 7: 



TABLE 7 



35 


Percent of Total Molecules 


N-Terminal Sequence of SOD Analog 




50% 


Met-Lys-His-Ser-Leu-Pro 




25% 


Lys-His-Ser-Leu-Pro 




12% 


His-Ser-Leu-Pro 




Less than 10% 


Ser-Leu-Pro 




Less than 10% 


Leu-Pro 



The different analogs can be used for therapeutic purposes as described in Examples 10-14. 
If desired the different analogs can be purified from one another using standard techniques well-known to those 
skilled in the art. 
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Claims 

1 . A human manganese superoxide dismutase analog in which at least one of the human manganese superoxide 
dismutase polypeptides differs from naturally-occurring human manganese superoxide dismutase polypeptide by 
the absence of lysine at the N-terminus. 

2. A human manganese superoxide dismutase analog in which at least one of the human manganese superoxide 
dismutase polypeptides differs from naturally-occurring human manganese superoxide dismutase polypeptide by 
the absence of both lysine and histidine at the N-terminus. 

3. A pharmaceutical composition comprising an amount of the analog of claim 1 effective to alleviate the undesirable 
symptoms associated with the generation of oxygen free radicals and a pharmaceutical^ acceptable carrier. 

4. A pharmaceutical composition comprising an amount of the analog of claim 2 effective to alleviate the undesirable 
symptoms associated with the generation of oxygen free radicals and a pharmaceutical^ acceptable carrier. 

5. The use of the analog of claim 1 for the production of a pharmaceutical composition for alleviating the symptoms in 
a subject suffering from a disorder selected from synovial inflammation, arthritis and lung fibrosis. 

6. The use of the analog of claim 2 tor the production of a pharmaceutical composition for alleviating the symptoms in 
a subject suffering from a disorder selected from synovial inflammation, arthritis and lung fibrosis. 



24 



EP 0 691 401 A1 



2 


o 

in 


s 


s 


5 




S 

o 






ss 




S3 




is 


n 


«F si 


Is 


13 


si 


113 


Is 


11 


u as 


U 


13 


ss 


as 


n 


U 

E-i Eh 


gs 




8 a 


1! 






81 


S3 






gs 






n 




si 






Is 




1!° 




IS 


si 


Is 


IsS 


n 


ii 




si 


1! 


Is 


Is 


u 


ii 




sl s 


Is 


-Is 


ss 


SI 


n 


s! 


SS 


IF 


si 








S~i 


g£ 


S3 




ss 


si 


n* 


S3 




M 


si 


els 




§s 




15 


13 




si 




a? 


II 


ss" 


Is 




II 




n 


S3 


ss 


ss° 




Is 


ir 




§3 


si 


l& 


§s s 


U 



25 



EP0 691 401 A1 



5 5 



S ' S S S I S 



II §3 U 

U U B 

SB §3 §3 

It gSS ^ 

J3 Sg. el 

85 Is SIS 

II SI: II 

§5 Is II 

mu u 

n m is 

el si ei§ 

ei is n 



ess §i 

g! lis 

u m 

u n 

u B 

u m . 

m n 

n m 

it ii 

S3 It- 

II S3 
81a §3 



II 

§3 

si i 

is I 

II II 

lis II 

15 lis 

§3 83 

II 11 

B*§.2S 

si it 



26 



EP0 691 401 A1 



Pst I 



Nde I 




FIGURE 2 
Mn SOD 



Nar I 



R1 

-Nar. I 
Nar I 
Nar I Nar I 



-5' UNTRANSLATED + PREPEPTiDE 
CODING REGION +^36 bp OF 
CODING REGION OF MATURE 
POLYPEPTIDE 



1. Nde I 

2. Nar I 

3. ISOLATE LARGE FRAGMENT 
LIGATE LINKER 

TATGAAGCACAGCCTGCCCGACCTGCCCTACGACTACGG 
ACTTCGTGTCGGACGG6CTGGACGGGATGCTGATGCCGC 



Pst I 



BamH I ri 

Nde I 
cll^-Stu I 




1. R1 

2. KLENOW FILL-IN 

3. Nde I 

4. ISOLATE SMALL 
FRAGMENT 



LIGATE 




CuZn/SOD 



BamH I 

1. Nde! 

2. Stu I 

3. ISOLATE LARGE 
FRAGMENT 



Amp*/' 



BamH I C uZn/SOD 



Nar I 



MnSOD 



R1[Stu I] 



27 



EP0 691 401 A1 




> CO 

§§ 

^ CO 

9 o> 

w CO 
q t 
O z 



EP 0 691 401 A1 



BamHI 



EcoRI 



FIGURE 4 




Alut/Ndel 



SYNTHETIC LINKER 



5 ' - AATTCCCGGGTCTAGATCT - 3 ' 

3 1 - GGGCCCAGATCTAGACTAG - 5 ' 



Aval 



BamHI 



1. EcoRI 

2. PARTIAL, BamHI 

3. ISOLATE LARGE EcoRI- 
BamHI FRAGMENT 




EcoRI/Stui 



1. EcoRI 

2. ISOLATE SMALL 
EcoRI FRAGMENT 



EP 0 691 401 M 



O 
2 



air© 1 ?— 



D 



2 
o. 



3 w O CO 

f £ 3 « O C 
DZ^ % 5 W 

mid fi*tE co 



-o. 
-co 



30 



EP0 691 401 At 




EP0 691 401 A1 




EP 0 691 401 A1 



UJ 




EP0 691 401 A1 



0C 
<5 




I 

o 

I 



1 



B 



34 



EP0 691 401 A1 



Figure 7 
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FIGURE 8 
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Figure 13 



Effect of MnSOD on Bleomycin-induced 
Lung Fibrosis 




_ 500 



41 



EP 0 691 401 A1 



Figure 14 



Effect of Daily S.C. Injections 
of MnSOD on Lung OH-Proline 




42 



EP 0 691 401 A1 




Figur 7 5 



43 



EP0 691 401 A1 



OH-Proline (^g/lung) 




3h 



3h 



44 



EP 0 691 401 A1 



EUROPEAN SEARCH REPORT 



EP 95 10 6995 



DOCUMENTS CONSIDERED TO BE RELEVANT 



CLASSIFICATION OF THE 



GB-A-2 183 658 (BIO-TECHNOLOGY) 10 June 
1987 

* the whole document * 

PATENT ABSTRACTS OF JAPAN 
vol. 007 no. 181 (C-180) ,10 August 1983 
& JP-A-58 086098 (MAMORU SUGIURA) 23 May 
1983, 

* abstract * 



C12N9/02 
A61K38/44 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 
Y : particularly relevant if combined with another 
document of the stmt category 



iry or principle anutertying the ii 
ier patent document, hut pnblisl 



45 



